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Oentlemek, — In tesaming business this session we have reason to 
be encouraged to continued industry by the success which attended our 
labours last session. 

During last session we had papers on the strength of materials that 
are extensively used by engineers; papers explanatory of certain 
ingenious mechanical contrivances ; papers on the propulsion of ships ; 
papers on the mode of perfecting the action of certain tools and instru- 
ments ; papers on the strength and construction of ships, both iron 
and composite ; papers on the construction of ships with reference to 
sea-worthiness ; papers on new applications of iron, and on the most 
efficient mode of using iron in various structures ; papers on the policy 
of certain laws affecting shipping property and those who use it ; and 
besides, papers on various other subjects. 

The papers on these subjects, and the discussions which followed 
were of great value to the engineer. Throughout these papers and 
discussions the desire plainly was to treat the subjects both practically 
and scientifically, and to consider them in a way dictated by a know- 
ledge of principles rather than empirically. Several of the subjects of 
these papers were of singular interest and importance. Of these there 
is perhaps no subject that better merits the attention of such institu- 
tions as this than the construction of ships in respect to sea-worthiness' 
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2 The PreHdMt's Address. 

and we have reason to be gratified with the reception that oar yiews 
on this subject received in the most influential quarters. Our attention 
was particularly drawn to this subject by the recent occurrence of dis- 
asters at sea, attended with the most lamentable results in the loss of 
human life ; and the yiews which we persistently advocated to the 
Government in a contemplated change of the Board of Trade regula- 
tions, would certainly have already become law but for the change of 
Ministry at the time. The delay will, however, we believe, be only 
temporary. 

We trust that by continued perseverance during this and future 
sessions the proceedings of this Institution will ever be of equal interest 
and utility ; and that an important object of the business of this insti- 
tution will always be to trace the relation of practical mechanics and 
scientific principles, and to investigate in what way the opera- 
tions of the engineer can be advanced by the application of pure 
science, so that in the performance of the work which he seeks to 
accomplish his progress may be the result of an intelligent application 
of Nature's laws. 

The progress of scientific engineering has of late years been rapidly 
extending, and has received during last summer a most signal illustra- 
tion in that great work, the Atlantic Telegraph Cable. The accom- 
plishment of this work, the construction and the laying of the cable, 
required a greater breadth of scientific engineering 1;han any other that 
has, perhaps, ever been performed. The design of the cable required 
an extensive acquaintance with the principles of that subtle and power- 
ful agent electricity. The construction of the cable required an ex- 
perience, the result of many years' practical study, at an expense 
measured by millions sterling ; and the task of laying the cable could not 
have been accomplished at all without the assistance of these power* 
f ul machines, steam ships, which involve a knowledge of the principles 
X)f steam. Thus, without a knowledge of the principles of electricity, 
without a knowledge of steam, and without a mechanical ability to 
carry into effect the requirements of these scientific principles, the 
electric cable could neither have been made, nor could it ever have been 
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laid across the Atlantic. No engineering work has certainly erer been 
performed of a higher character, not only in the result sought to be 
attained, but in the means employed for its attainment. To recapitu- 
late the process and progress through which this great work has been 
accomplished is unnecessary in this place, as scarcely anything can be 
added to the copious information on the subject supplied in the public 
prints. Familiar as we are, however, with the various steps through 
which this work has passed, and simple as they now appear, no words 
can express the wonderful nature and the wonderful advantage of the 
results which this work is destined to confer. Wherever and when- 
ever the action of mankind is based upon information possessed, the 
means by which distance — the impediment hitherto to the transmissions 
of information — can be eliminated becomes of paramount importance^ 
No man can be engaged in the business and pursuits of life without 
desiring at times expeditious communication with those at a distance, 
and by the electric telegraph a correspondence amounting to a conver- 
sation is easily effected with an economy of time that it is impossible 
to calculate. The electric telegraph not only quickens the steps of 
events by quickening the transmission of information, but introduces 
at the same time an altogether new and in a sense opposite element in 
the progress of events, by arresting as it were their passage, which but 
for the telegraph would have gone out of reach before they could 
be otherwise utilised. This compound advantage of the telegraph 
obtains in the whole intercourse of the hnman family. Events are not 
only hastened by its means, but, by the more perfect information it 
gives, other events are crowded forward, for which no motives would 
otherwise have existed. 

The success, both physical and commercial, that has attended the 
Atlantic cable, puts it now beyond a doubt that all populous places on 
the globe will very shortly be within almost instant reciprocal com- 
munication. 

Such is the memorable result attained in this the greatest effort of 
scientific engineering in modem times. Other recent illustrations, 
however, are not awanting to show the services rendered by science to 
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the engineer, and of these in the instrument which has recently received 
so much attention, and which is now popularly called the needle-gun, 
these services are prominently apparent. The transition in point of 
utility from the muzzle-loading flint-gun to the breech-loading needle- 
gun is scarcely less than from the stage coach to the railway train. 
The stage coach is of no use whatever when within reach of a railway 
train, nor is the flint-gun of any greater value in comparison with the 
breech-loading needle-gun. Upon the railway train depends almost 
the existence of modem conmierce, and upon the needle-gun depends 
to a considerable extent apparently the fate of modem warfare. The 
effectiveness of the British needle-gun depends upon the efficient 
breech by which breech-loading is rendered satisfactorily attainable ; 
it depends also upon the construction of the cartridge, which is made 
to explode by a part of the end being indented ; and it depends upon 
the coating of the cartridge which prevents the fouling of the barrel. 
In this cartridge no opening in the cose is necessary for the explosion 
to be produced, but simply that a part of the case be indented inwards, 
and hence the certainty of the explosion when desired. In other cart- 
ridges, as in that used in the well-known Pmssian needle-gun, the, 
cartridge case requires perforation, which opens the way for the 
admission of moisture, and introduces uncertainty in the explosion. 
For the production of this gun — ^the British needle gun — the services 
of the scientific engineer are indispensable to elucidate the construction 
of the barrel, the construction of the bullet, and the construction of the 
necessary cartridge, without which efficiently constructed the barrel 
and the bullet, though perfect in themselves, would be wholly a failure. 
The rude instrument by which a bnllet may be thrown by the explosion 
of gunpowder is a very different one from the British breech-loading 
needle-gun ; in the latter, the rifle barrel is a highly ingenious contriv- 
ance to give the bullet a rotation round a longitudinal axis, in order 
to prevent rotation round any other axis which would cause the bullet 
to deviate from a direct path, or rather from a perpendicular plane 
passing through the bore of the barrel. The construction of the bullet, 
having its ceptre of gravity properly situated in relation to its figure, 
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iB no less essential in order that the bullet may travel in the proper 
trajectory, with a minimum disturbance from the action of the atmos- 
phere. The construction of the cartridge, by which the explosion being 
effected without perforation of the case, and without external fire, is of 
paramount importance, in order that the action of the gun may be 
independent of the weather or moisture. The coating of the cartridge, 
which is contrived to prevent the fouling of the barrel by the passage 
of the bullet or by the explosion, is essential in order that the gun may 
not become useless in action ; and, lastly, the gunpowder — both that 
which projects the bullet and that which produces the explosion — have 
all been subjects of scientific investigation, and the results of scientific 
knowledge. 

Another illustration of the services rendered by science to the 
engineer exists in the modern improved steam-engine. Great as were 
the advantages derived from the original form of the steam-engine, in 
which the same vessel performed the duties of steam cylinder and con- 
denser, it is nevertheless an instrument immensely behind the modem 
engine. The invention of a mechanical prime mover, which should be 
independent of the action of the wind, and which, not being fettered to 
situations where falls of water existed, could be placed anywhere and 
extended indefinitely, possessed plainly advantages wholly unattainable 
without such a prime mover, and was therefore fitted to produce an entire 
revolution in operations dependent on the exertion of dynamic force. 
Beyond the applications falling within the scope of a prime mover, 
such as the original form of steam-engine, there existed even a wider 
range to which such a prime mover could not be profitably applied, 
and which consequently were as entirely shut out from that class of 
prime movers as if it had not existed. For these, the more perfect 
instrument in the modem steam-engine is peculiarly adapted. In 
steam navigation, for example, the improved steam-engine is rapidly 
becoming indispensable. For that purpose the difference betwixt an 
engine which uses 4^ lbs. of coal per horse power per hour, and one 
which performs the same work with 2 lbs., is so great that in many 
cases while the one is very much what the circumstances and conditions, 



Digitized by VjOOQIC 



() The Presidents Address, 

require, the other is absolutely worthless. With the former the 
expense of the fuel would alone in many cases be a bar to its use ; but 
when to the expense of the fuel is added the incompatibility of burning 
4 J lbs. of coal per horse power, with the requirements for carrying 
cargo, the application of such a prime mover is wholly out of the 
question, and brings into prominent contrast the advantages of the 
latter. And these advantages are most prominently services rendered 
by science to the engineer. The advantages obtained by expanding 
the steam, the advantages of surface condensation, and the advantages 
of moderate superheating, which constitute the improvements of the 
modern steam-engine, are due altogether to the scientific engineer. 
No one of the three has been the result of accidental observation, but 
has been due to elaborate and patient investigation. It is true that 
the amount of advantage derived from any one or all of these improve- 
ments has not yet been by common assent definitely ascertained, the 
experience of different engineers showing different results, arising, pro- 
bably, to a large extent from inaccuracy of observation, and also to 
the different modes by which the advantages are sought to be arrived 
at. While, however, these different results are being discussed, ques- 
tioned, and not unfrequently discredited among the doctors, the users 
of the steam-engine, the public^ are plainly in practice answering all 
doubts by a steadily increasing demand for the improved steam-engines, 
showing that, although different forms may yield different amoants of 
advantage, they all, in every practicable form, yield results of suffi- 
cient advantage to induce their extended application. The progress 
made by these improvements points palpably to the time, and at no 
distant period — within, probably, fifteen or twenty years — when in 
steam navigation, for every work, except it may be the shortest coast- 
ing voyages, the injection condensing steam-engine will be entirely 
obsolete. On a vast variety of stations the question is not one with a 
consumption of 4^ lbs. of coal per horse-power of more or less profit, 
but it is whether there is to be or there is not to be steam navigation 
at all, and the advantages of steam navigation compared with sail 
navigation are so tangible and so great as to insure the unremitting 



Digitized by VjOOQIC 



The President's Address. 7 

attention of engineers to the entire remoyal of the remaining diffi- 
culties in the way of the improved steam-Qpgine. The great ocean 
race from China, which has received so much notice within the last few 
weeks, and which reflects so much credit on the shipbuilders of this 
neighbourhood, whom we are prond to number in our list of members 
of this Institution, w8l undoubtedly, in a very few years, lose its pro- 
minence, and be eclipsed by a race of far higher speed. 

The great and prominent improvement in the steam-engine, as 
applied more particularly to steam navigation, is the economy of fuel, 
and without that improvement all the others that have been made 
would have been worthless, but with that improvement others have 
been of immense value, as in the change from the paddle wheel to the 
screw propeller. For many services, the paddle wheel was a most 
clumsy, inconvenient, and undesirable mode of propulsion. For all 
services, except, as yet, in shallow water, the screw propeller is nearly 
all that can be desired. 

Recently, however, a method of propelling ships by the reaction of 
water issuing from turbine water wheels, now conmionly called the 
Rnthven mode of propulsion, has been revived, and has lately been 
tried in one of her Majesty's ships called the Waterwitch. This 
method of propelling ships is not without advantages peculiarly its 
own. For example, in many ships, and perhaps in all, the great 
power which a ship so fitted possesses in discharging an immense 
quantity of water, the result, it may be, of a leak or injury, is of no 
inconsiderable importance. Probably, a facility of manoeuvring a 
ship so fitted is another advantage. But there are no good grounds 
for believing that this mode of propulsion will be more economical in 
the application 6f dynamic effect or power, or in fuel, than the screw 
propeller, nor even that it will be so economical. In a comparison of 
the two modes of propulsion, there are three elements which fall to be 
considered : — 

1st, The consumption of the power of the machinery due to the 
friction of the propelling instrument. 
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2d, The consamption of the po^er of the machinery dne to that 
part of it which is carried o£f bj the water projected from the ship. 

Sd, The consnmption of the power of the machinery due to the 
propulsion of the ship, or that is developed in the propulsion of the 
ship. 

To compare minutely the friction in the two methods, it would be 
necessary to know the surface, in each case, of the propelling instru- 
ment ; in the one case the surfaces of the screw propeller, and in the 
other the surfaces of the turbine wheel and the surface of the water 
passages. Even, however, without these measurements, it is plain 
that the screw propeller has the advantage to a large extent in this 
respect. The surface of the propelling instrument itself is manifestly 
in favour of the screw propeller, and the loss arising from the friction 
of the water in the water passages with the turbine wheel has no 
counterpart at all with the screw propeller. 

With regard to the consumption of the power of the machinery in 
that part of it which is carried off by the water that is projected 
from the ship, it is to be observed that with the screw propeller, if 
there be a sufficient number of blades, the whole water in the cylinder, 
of which the diameter is the diameter of the propeller, and the length 
the speed or space passed through by the ship, is driven off with a 
certain speed which measures the reactionary power obtained in that 
way for the propulsion of the ship. If this cylinder be reduced in 
diameter the water must be driven off with a higher velocity to main- 
tain undiminished the reactionary power derived from that source; and, 
inasmuch as the power carried off by the water and wasted not being 
developed in the propulsion of the ship increases as the square of the 
velocity, plainly the higher the velocity with which the water is pro- 
jected from the ship the greater the power carried off to waste. Con- 
sequently, in this respect the turbine wheel plan, adopted in the 
Watermtch, in which the discharge orifices are of small dimensions, 
comparatively, and, therefore, the velocity with which the water is 
projected necessarily considerable, is inferior to the screw propeller. 
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With respect to the consumption of the power of the machinerj due 
to the propulsion of the ship, it is to be observed that with the screw 
propeller the power of propulsion is derived from two sources — ^the one 
being the reaction dae to the water which is projected backwards from 
the ship, and the other due to the reaction of the water in haying 
imparted to it the velocity with which it is projected from the ship- 
For example, suppose the ship be propelled throagh the water by a 
propeller workiag in a solid, as it could be by having for illustration a 
propeller shaft of great length, then all the power of the machinery, 
with the exception of that required for friction, would be employed in 
propellmg the ship, and none would be carried off by water being pro- 
jected backwards from the ship, because none would be so projected. 
When, however, the propeller works not in a solid but in water, there 
is plainly reaction obtained for the propulsion of the ship, first from 
the inertia of the water in having velocity imparted to it, and then 
there is reaction corresponding to that velocity. The reaction due to 
the inertia of the water in having velocity imparted to it is measured 
by the rapidity with which that velocity is imparted, and is represented 
by a quantity proportioned directly to the velocity, and inversely to 
the time in which the velocity is imparted, or, in other words, is 
represented by the expression the velocity divided by the time; and if, 
therefore, the time during which the velocity is imparted be reduced to 
one-half, or one-fourth, or one-tenth, or is infinitely reduced, then the 
reaction obtained from this source is increased twice, or four times, or 
ten times, or is infinitely increased — ^that is, if the propeller imparts 
the velocity to the water with great rapidity, the reaction will be equal 
to that of the propeller working in a solid. With the turbine wheel 
the reaction obtained from the inertia of the water in having velocity 
imparted to it is plainly much inferior to that obtamed with the screw 
propeller. 

In all the three elements the screw propeller appears therefore to 
have the superiority. 

1st, In the friction of the rubbing surfaces. 
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2nd, In the quantity of power carried oJQT to waste by the water 
projected backwards from the ship. 

3d, In the quantity of power which is developed in the propulsion 
o! the ship. 

And the extent of superiority depends upon the details of the man- 
ner in which the two methods of propulsion are carried out. 

The Waterwitch has already been submitted to a trial on the Thames, 
and in the report on the subject which has appeared in the press, the 
performance has been greatly lauded. The method of propulsion has 
been lauded, and the machinery by which the method has been carried 
into effect has, as usual with many of our English friends, been also 
very considerably trumpeted. The facte, however, stated in the report 
do not afford the means of correct inferences respecting the result ob- 
tained, and the further experiments yet to be made are probably 
desirable to elicit in actual practice the true character of this method 
of propulsion. 

The illustrations which have been adduced of the progress of scien- 
tific engineering could be multiplied to ahnost any extent. Within the 
last few years engineering has been rapidly changing character. For- 
merly engineering was not nearly so much as now a succession of 
scientific improvements. Then it was enough in a sense to be a hewer 
of wood and drawer of water and to travel in a beaten path ; but now 
it is far otherwise, engineering being in all directions full of novelties 
— the dictates of science. The mode of communication between distant 
places is, we have seen, entirely new, and is the result of laborious, 
patient, and keen investigation of the occult laws of nature. The mode 
of conveyance both by land and sea is full of the use of Nature's hidden 
laws. The material which the engineer employs is rapidly being changed, 
stone being superseded by iron, and iron in many applications being 
displaced by steel, produced in a manner entirely new and due to prin- 
ciples far from obvious. Defining an engineer to be an artificer on 
matter, the scientific nature of his employment is apparent, whether 
we consider him as a fabricator of machines for transmitting intelligence 
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or for transporting the fruits of the earth ; whether he be considered 
as a fabricator of food in high agricultnre, which is now in reality a 
manufacture ; or as a fabricator of coverings to protect us from the 
inclemencies of the weather in the beautiful materials now constantly 
produced ; or as a fabricator adapting everything around us, beneath 
us, or over our heads, to the wants and comforts of man. It is no 
longer sufficient for the engineer to know by rote the successive steps 
necessary in the various operations which fall to be performed by him, 
and which, when known, may all be classed under the denomination of 
hewing wood and drawing water. He must be acquainted with the 
principles or laws of nature upon which these various operations 
depend ; he must extend the applications of these principles in new 
developments if he would seek to keep abreast with the progress of 
modem engineering. It has been frequently alleged, and correctly so, 
that the task of deciphering Nature's laws, that is, of becoming scientific, 
is difficult of performance, and that any action taken upon a misapprehen- 
sion of these laws is attended with disappointment and disaster. No doubt 
if erroneous steps be rashly made upon a misconception of the laws of 
Nature, the result will be disappointment and failure ; and in propor- 
tion to the rareness of the capacity of correctly understanding these 
laws is the distinction of doing so, and the value of the reward due to 
success. These difficulties may furnish reasons for diffidence in under- 
taking the task, but they furnish no reasons for discrediting or under- 
valuing the labours of the successful explorers, which an inconsiderate 
view of the matter has not unfrequently encouraged. 

To assist each other in deciphering the laws of NaturCj^to explain 
their application, to pick up Sir Isaac Newton's pebbles on the sea- 
shore, and to be enabled to practice our profession of Engineer with 
increasing intelligence, is our object in these meetings. 

'* The search itself rewards the pains, 
So though the chemist his great secret miss, 
(For neither it in Art or Nature is,) 

Tet things well worth his toil he gains. 
And does his charge and labour pay. 
With good unsought experiments by the way." 
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On an Impnwed Overhead Traversing Cranes Worked by Poiver. 
67 Mr. Wm. Smith, Eglinton Engine Works. 

(SEB PLATES I., H., Ain> HI.) 



Received and Read Sist October^ i866. 



The trayersing crane which forms the sabject of this paper, was erected 
at Eglinton Engine Works in this dtj, aboot eight months ago, and 
since that time has been regularly at work. The conyenience and 
saying effected by its use has been so great that the writer has thought 
a description of the construction and mode of working it might be 
acceptable to the members of the Institution. 

The erecting shop in which the crane is placed, is 200 feet long by 
53 feet wide inside the walls, and, although the original intention was 
to place two cranes in this shop, the rapid manner in which this one 
does the work, makes it quite unnecessary, unless it might be for the 
purpose of lifting heayier loads than one crane is capable of doing. 

The crane is driyen by power by means of an endless cotton cord, 
Jths of an inch diameter, extending the whole Tength of the shop, sup- 
ported at interyais by guide pulleys, and returned round a pulley at 
the one end, which is fixed in slides and tightened and adjusted by 
means of a screw and hand wheel, as shown in Fig. 1 , Plate I. The slides 
and screw are nine feet long, and allow of adjustment until the cord 
has stretched 18 feet, after which it may require to be cut shorter 
and spliced oyer again. This tightening pulley may also be adjusted 
in some cases by means of a weight instead of a screw. 

Fig. 2, Plate I., shows an eleyation of the crane resting on the 
walls of the shop ; Fig. S, Plate U., is a plan ; and Fig. 4, an 
end eleyation of the crane. Two wronght-iron girders form the 
beams of the crane, and are fixed to two cast-iron carriages, each 
haying two wheels for the longitudinal rails. The crab is constructed 
of two cast-iron cheeks, set on foor wheels to moye transyerseiy, and 
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carries the chain barrel, gearing, and small platform for the man in 
charge. 

The driving-cord moves at the rate of 1800 feet per minnte, and 
is first taken over a V pulley on the crane 3 feet diameter, marked 
A in Figs. 2 and 3, and shown in section Plate in. On the same 
shaft as this pulley, a spur pinion is fixed, driving a spur wheel 
on the end of the shaft, B. This shaft extends the whole length 
of the crane, and gives motion to the main driving shaft of the 
crab, DD, Fig. 3, by means of a small vertical shaft and mitre wheels, 
marked C, Figs. 2 and 3. When the cord is put in motion, the 
shaft, B, and the main driving shaft of the crab, DD, are always 
in gear. From the shaft, DD, all the working parts of the crane are 
put in motion by means of three hand wheels, E, F, G, Fig. 3. In 
connection with each hand wheel, a worm moves a short lever which 
throws a friction clutch in gear for working, reversing, or holding in a 
neutral position at pleasure. 

The hand wheel, E, puts in gear the clutch and spur wheels, which 
work the chain-barrel, H, for lifting and lowering the load. This 
barrel is made large, with grooves chased in it at the proper pitch to 
receive the chain, and to accomplish the whole lift of 20 feet without 
riding the chain. A fast and slow motion is given to the barrel by 
means of double spur wheels and pinion, N, Fig. 3, Plate 11. A fric- 
tion strap, K, Figs. 2 and 3, is attached to the mitre wheel, I, of this 
motion for the purpose of lowering the load. A set of three sheave 
blocks is also used to assist in reducing the motion of the lift. 

The hand wheel, F, puts in gear the clutch and spur wheels, which 
cause the crab to traverse either way at pleasure on rails fixed on the 
beams of the crane. 

The hand wheel, G, puts in gear the clutch, bevel wheels, and verti- 
cal shaft, M, Fig. 3, for driving the shaft, L. This shaft extends the 
whole length of the crane, and on each end of it a spur pinion is fixed, 
driving simultaneously one of the carrying wheels at each end of the 
crane by means of spur wheels, giving motion to the crane either way 
the whole length of the shop. 
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The heayj loads, from 2| tons up to the maximnm load of 15 tons, 
are raised at the rate of 1 foot 5 inches per minute, giving a leverage 
of 1270 to 1. With light loads, the speed of lifting is increased 
to 7 feet 4 inches per minute, giving a leverage of 24i> to 1. 

The speed at which the crane traverses the shop longitudinally, is 
41 feet per minute ; and the speed the crab traverses the shop trans- 
versely, is 44 feet per minute. 

The whole power requisite for working the crane when fully loaded, 
is transmitted to the counter-shaft upon which the driving-cord pulley 
is fixed, by a 3 j inch leather belt, working on fast and loose pulleys 
18 inches diameter, making 191 revolutions per minute. By means of 
a belt-lever and two pull-cords, the crane can be put in motion and 
stopped by the workman on the platform at any point. 

On each side of the crane, there is a wooden platform, supported 
from the wrought-iron girders by cast-iron brackets. A small plat- 
form is also connected to the crab, upon which the workman in 
attendance stands, and from which all the hand wheels for starting 
and stopping the different motions of the crane are under his control. 

The long shafts, B and L, Fig. 3, which extend the whole length of 
' the crane, are each supported at intervals by three tumbler-bearings, 
and also by a fixed bearing from the cheeks of the crab. Each bhaft 
has also a small groove running the whole of its length for fixing the 
bevel wheel connecting it with the crab, and at the same time permit- 
ting the wheel to slide on the shaft when the crab is traversing. 

Plate III. shows plan and sections of two pairs of the friction clutches 
used on the shaft, DD, for the purpose of starting and stopping the 
different motions of the crane; one pair is shown in section, and one pair 
in plan. The two mitre wheels marked Q, are bushed with brass, and 
are loose upon the shaft, DD; they are also coupled by the mitre 
wheel, R, which revolves on a stud, and serves for reversing the 
motion. The two discs, SS, are keyed fast to the shaft, DD, and have 
fitted and fastened to them the expanding rings, T, which are shown 
in a neutral position, ready to be acted on by moving the conical 
block, U, either way, by the lever worm and hand wheel, V. When 
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the conical block, XT, is thus moyed, it expands the friction ring, T, 
by means of a short lever, W, and wedge piece, X, and fixes either 
of the mitre wheels, Q, transmitting the power one waj or the other, 
as required. 

One man is quite capable to work and keep the crane in order, 
effecting a saving in ordinary working of 4 to 5 men daily. 

The crane is provided with handles fitted to each end of the shaft, 
DD, for working it by hand in cases of emergency. 



In the subsequent discussion, 

Mr. Dow»iB said he approved of the construction of the crane, and 
thought it was greatly simplified as compared with many of those 
now in use. It was similar to those at Crewe, designed by Mr. 
Bamsbottom, but the driving band of those at Crewe, he believed, 
worked at a much greater velocity. He understood that Messrs. 
Dubs and Co.'s cranes w^e a modification of the arrangement of those 
used at Crewe; but the details of this one were much simpler than 
either, and, therefore, entitled to much credit — ^the friction clutches, 
and the mode of working the various motions were all that could be 
desired in simplicity and efficiency. 

Mr. W. Smith said that the velocity of the driving band of the cranes 
erected at Crewe by Mr. Ramsbottom, was 5000 feet per minute. 
High speed in driving bands was sometimes objectionable, and after 
full consideration of the subject, and his previous experience with such 
bands, he fixed on 1800 feet per minute as a suitable speed, and the 
working of the crane justified his choice. The crane was driven by a 
S^ inch belt over an 18 inch pulley, and had never refused to raise a 
Wiight of 15 tons, and without any noticeable change in the motion. 
One man worked the crane, and had full control over all the motions, 
and could do more work with it in one hour than seven men could do 
in three hours. The rope they had in use had been gomg for eight 
months, and only now it gave but slight symptoms of wearing. 
He believed they would improve on the band the next time they were 
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^tting one, as the cotton of which the present one was made had been 
rather hard. He did not think any thing coald beat a cotton band. 
This one had stretched so as to reduce its diameter aboat one-eighth, 
and had only been spliced once. He had no donbt that the weather 
affected the cotton band ; bat being in a hoase it was not liable to much 
change of temperature. They regulated its length by a screw arrange- 
ment at one end of the shop. He believed that a weight would be easier 
on the cord, and perhaps it would stand longer. Itwas greased regularly 
with tallow. The machine merely traversed on rails, no racks being 
necessary. The friction was quite sufficient to keep it in its place. 
He had never observed the slightest tendency to slip when lifting. 
The whole weight of the crane was about 25 tons. He had not found 
the slightest difficulty with the friction rings of the clutches not biting 
sufficiently to hold. They were not cut at an angle, but were parallel 
like piston rings. There would be no difficulty in applying it to 
ordinary travelling cranes in locomotive shops. It might be necessary 
to put two shafts across the beams, and to alter the arrangement of 
the crab. It had been found necessary for the driving pulley on the 
crane to be of a Y shape, as shown in the drawing. The band was 
only |ths of an inch in diameter at first, and after eight months* 
use, it was now about three-quarters. It was but a little clear of 
the bottom of the V pulley — all the pulleys were highly polished, and 
worked on steel pins. 

Mr. James Milne said it seemed to him a very neat and simple 
arrangement. He considered the mode of driving much superior to 
driving by shafting for such a length of shop ; the making of a secure 
coupling, without increasing the. diameter of the shafting, being no 
doubt a practical difficulty. 

Mr. Smith remarked that those two shafts across the house made 
about 113 revolutions per minute. 

Mr. W. Johnstone inquired if the simplification of this appliance 

could be easily adapted to workshop cranes now in use, and said he 

thought it was a very useful thing, and he would avail himself of an 

early opportunity to inspect it in operation. 

c 
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Mr. Jas. Robertson said that he had seen in the Mersey Iron and 
Steel Works a crane something like that described by Mr. Smith, and 
did not see any material noyelty in the arrangement. It seemed to him 
that the friction clutches, and, indeed, all the apparatus was well 
arranged and easily worked. 

Mr. Smfih said that while the component parts were not new, the 
whole arrangement and mode of working was new, so far as he was 
aware. 

Mr. Day said that the peculiarity of arrangement in this crane was 
in having the rope along the length of the shop only. The driving 
rope of the crane at Crewe goes along the length of the shop, and also 
across, and then round a driving pulley on the crab. He believed that 
at the Mersey Iron Works there was a crane which was actuated by a 
shaft going across the girders, the rope running along, and not having 
any unnecessary pulleys to interfere with the freedom of the action. 

Mr. DowKiE said that cross shafts were not novel things. In the 
cranes in Messrs. Mirrlees and Tait's, and Randolph, Elder, and Co.'s, 
and many others, there were cross shafts such as described. 

Mr. Day said the cross shafts were quite common ; but they were 
not driven by a rope. Mr. Ramsbottom's crane had no cross shaft. 
There the rope passed over one part of the shaft, and then over a set 
of pulleys on one end of the girder, so that the rope caused an immense 
amount of friction. The rope they had, had worn only about twelve 
months. 

Mr. W. R. M. Thomson said that in some cases such cranes were 
carried along by an arrangement of spur and bevel wheels, from the 
motion of a single longitudinal shaft in fixed beariugs, and in others 
the shafts worked in pendulous bearings . One such crane had been 
designed and erected by one of the Government Engineers at Wool- 
wich, and it might be a question whether this mode of actuating the 
transverse shafts, or that by the rope worked out by Mr. Smith, was 
the best. 

Mr. Day was of opinion that at Woolwich Arsenal a pendulum 
boss was used to support the shaft. 
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Mr. Clappertok thought there conld be no doabt that Mr. Smith's 
plan was much the best and easiest. It was very cambersome to pass 
the traveller over pendulum bosses. It was worthy of notice that one 
rope was sufficient for all the motions of the crane — ^it was used for 
transporting the whole crane from end to end of the shop, traversing the 
crab across the shop, and hoisting. He thought that was a great 
advantage. The whole arrangement was worthy of much considera- 
tion. It appeared to him to be a new idea, that one simple band 
should be able to hoist 15 tons, and that under the control of one 
man. Mr. Smith had great credit by the arrangement. 

Mr. Jas. Robertson said that he had seen in Manchester the 
endless driving rope applied to hoists without being passed round 
the driven pulley, the driving bite being effected by a pulley placed at 
the opposite side of the rope, and made to press the rope into the 
driven pulley. He thought that this method of driving would do well 
for travelling cranes, as a strong rope could be used, and in this way 
wrought at a slow speed. 

Mr. SmTH said if the pulleys attached to his crane were apt to get 
damp, or to rust, it would be necessary to make them of brass, or of 
timber ; but they have no tendency to become so, as they are inside 
the house, and are kept quite clear and polished. If much bite were 
required on the band, it would never do. They must get up the speed 
of the band, so that a small tensile strain would communicate the 
power required. 

Mr. Day said that an important fact was, that in using a small 
rope a very small force was employed at a high velocity. 

Mr. Brownlee thought that Mr. Smith had made a good selection 
in choosing cotton for his band. A belt, or hide rope, had been sug- 
gested ; but with so heavy a material stretching over 200 feet, without 
supports, the oscillations of such a band would likely operate very 
injuriously, whereas the lightness and elasticity of a cotton rope 
rendered it peculiarly suitable,- since with such a material those 
destructive oscillations would in a great measure be avoided. 

Mr. J. B. Stewart bad found Manila to make an effective band, 
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and cheaper than cotton. Mef^8r8. Dnbs & Co. had used one, fiye- 
eighths of an inch in diameter, for a year past, with the greatest satis- 
faction. 
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On the Con^arative Merits of the RuUi of Lloyd^s cmd the Livefpool 

UndenertterSj for the Construction of Iron Ships. 

By Mr. John Price. 

(see plates IV. AXD V.) 



Bead 28th Novembery i866. 



1. The object of the following paper is to offer to some extent a reply 
to a paper read in 1865, before the Scottish Shipbuilders' Association, 
on a subject, the title of which, in the "printed proceedings," is 
"Remarks on the diflference between Lloyd's and the Liverpool 
Underwriters* Rules for Iron Ships;" and to the discussion which 
subsequently took place at an adjourned meeting, of which the title 
was — " On the comparative merits of the Rules of Lloyd's and the 
Liverpool Onderwriters, for the construction of Iron Ships." 

In proceeding, I have considered it unnecessary to criticise the 
paper, except in reference to the three following propositions, viz.: — 

1. Whether the Liverpool scantling has been correctly represented 
in its relation to Lloyd's ? 

11. Whether the Liverpool 20 years' vessel is better or worse than a 
Lloyd's jj^, vessel considered relatively thereto ? 

ni. Whether the Liverpool 20 years' vessel is better or worse than a 
Lloyd's Jj^ vessel, considered in relation to some standard made com- 
mon to both ? 

2. As reference will occasionally be made to Table I., I may here state 
that the figures in columns 4, 5, 6, 7, 8, 9, and 10, are the areas in 
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square inches of the parts of the several yessels' scantling indicated by 
the heading of each column, for one side of each vessel, and that the 
upper row of figures in each column, against each vessel's name, 
are the areas by the Liverpool rules, and the lower row of figures 
are the areas of the same parts by Lloyd's rules ; thus, the ^' bottom 
plating" of the James Wishart is, (col. 5) for one side, by Liverpool 
rules, 124'19 square inches, and by Lloyd's it is 151-12 square inches. 
The right hand small space column under each heading shows the 
difference per cent, between the several areas as provided by the two 
sets of rules; thus, the difference of James Wisharfs "bottom plating" 
(col. 5) is 22 per cent, by Lloyd's over the Liverpool's provisions. 

The Sections which will be referred to are those appended of the 
eight vessels used as subjects for comparison in this paper. Fig. 8, 
Plate v., of which, shows in detail, the way in which the comparisons 
have been made. 

3. Firsts then, " Whether the Liverpool scantling has been correctly 
represented in its relation to Lloyd's ?" 

On page 88, line 13, read — "The requirements of both registries, 
although on the whole not far from each other, differ in some respects." 
. . . . (Continue at line 33), " It is not my intention to discuss 
the differences in those rules." .... (Continue at page 84, line 
9), " One of the points that falls to be discussed is whether the 20 
years' vessel in the Liverpool book is any better than the ^ 1 vessel 
of Lloyd's book, or vice versa. For the purpose of forming an 
opinion on the subject, I have compared the scantlings of vessels of 
the usual proportions and form, taking dimensions of vessels which have 
been classed in both books, and find that, in the framing and plating of 
vessels from 500 to 2000 tons, Lloyd's rules, require on an average 
from 7 to 10 per cent, more weight of material than the Liverpool 
rules, while in the inside stringers, keelsons, &c., the Liverpool rules 
require from 7 to 10 per cent, more weight of material than Lloyd's." 

For the purpose of coming to the same conclusion, if practicable, 
with the author of the paper, I have compared the scantling of vessels 
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of the usual form and proportions, taking the dimensions of vessels 
which have been classed in both books, and find that in the plating 
of vessels from 500 to 2000 tons Lloyd's rales (for 1864-5^ require 
an average of 15 per cent. ; and in the framing of the same vessel, 
an average of 1^ per cent, more material than the Liverpool rules, 
while the Liverpool rules require in inside stringers, keelsons, Ac, 
an average of 15 per cent, more weight of material than Lloyd's, 
The way in which the comparisons are made, is shown in the section 
sheets attached to this paper, and are submitted for investigation. 

On page 84, line 20, continue — *' For sailing vessels of about 500 
tons, the difference is trifling, the Liverpool rules being about 2\ per 
cent, in excess of Lloyd's." I here refer to the Sarah Scotty sailing 
vessel, Table I., of ordinary proportion and dimensions, and of 520 tons 
under deck, and by careful comparison, find that Lloyd's requires 5 per 
cent, more material at leasts than Liverpool rules do for such a vessel, 
and 10 per cent, more in a 700 tons vessel, such as the James Wishart. 

In the paper referred to it is stated — "For sailing vessels of 1000 to 
1500 tons, the total quantity of iron required by Lloyd's is about 5 per 
cent, more than the requirements of the Liverpool rules, whilst in vessels 
of about 2000 tons the quantities are nearly equal for both rules." I 
would here refer to the WeathersJUld, Table L, of 988 tons under deck, 
which yields by comparison an excess of 5 per cent., the Coimbatore^ 
1149 tons under deck, showing an excess of 3^ per cent., and the 
Nagpore^ 1444 tons under deck, an excess of 6^ per cent.; these 
excesses being so exhibited by a comparison of the area of section 
through the maximum of requirements of both registries at the middle 
Urn of each vessel, and which may be therefore called the nett excess, 
that is, without adding thereto the greater reductions allowed by the 
Liverpool book at the ends of the vessels. I also refer to the case of 
a vessel of 1950 tons under deck, of exactly similar proportions and 
form with Nagporcy taken to test the remark in reference to the agree- 
ment by the two registries as to the scantling required by each for 

* About 1 to 1^ per cent, add for Liverpoors rednetioiiB at ends over Lloyd's. 
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such a vessel, and find that Lloyd's yields an excess in demand of 7^ 
per cent. — ^the comparison beings made through the same line of maxi- 
mum requirements. 

4. Thus far, aB to whether, in the aggregate^ the Liverpool scantling 
has been correctly stated, I differ from the author of the paper under 
notice. 

5. Considering this point further, as to whether the Liverpool scantl- 
ing, 80 far as it has been referred to in detail, has been fairly represented. 
Read on page 85, line 3, " As before noticed, one of the principal 
differences in the scantlings of both rules is, that in the Liverpool rules 
the stringers and outside plating are thinner than Lloyd's scale ; per- 
haps they may be thick enough for the strength of the ship when she 
is new, but we must bear in mind that durability has to be considered 
as well as strength. We all know that corrosion takes place over all 
the surface exposed, and is proportionately more injurious to thin than 
to thick plates; and in the case of stringer-plates, the Liverpool sur- 
veyors aver that the broad thin plates are stronger than Lloyd's, which 
are narrower and thicker, taking the same section in each ; but it is 
certain that there is much more waste on the broad surface than on 
the narrow." 

Here, first, the thickness of shell-plating is considered in relation to 
durability as endangered by corrosion,'* I find that vessels of 520, 700, 
988, 1149 tons respectively, per Lloyd's rules, are provided with the 
same thickness of plating, from the top of sheer-strake to |ths the 
internal depth, as measured from the above point to the top of keel, as 
that provided by the Liverpool book for similar vessels, and that in a 
vessel of 360 tons, the same or a less thickness of plating is provided. 

This part of the vessel, viewed from a practical point of view, is 
most liable to corrosive action— ;/?rv<f^, by being most exposed at all 
times to atmospheric changes, mid during all voyages to water from 
without and moisture within, dried and precipitated alternately in more 
or less quickness of succession, by internal or external heat. 



* Corroaion is, throoghoat tkis paper, meant to refer only to oxtdatunit and not 
to decomposition — ^the result of deletoziooB matter in solution. 
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Experience Bhows that the most deceptire and destrnctire form of 
corrosiye action is set np on the top sides, resulting in the dry, hard 
deep-coloored oxide, produced by a rapid snccession of intense changes 
of the conditions nnder which the surface is placed, and resistive to all 
but the utmost persuasion of force. For these instances, Lloyd's 
vessels are only provided in the cases quoted, with the same plating as 
the Liverpool vessel— on the lower part of the side, on the bilges and 
bottom, there being no more needed from fear of corrosion, and none 
assumed to be necessary to meet any other cause, the plating of the 
Liverpool registry is preserved uniform, and while preserving all other 
necessary qualities, which will be presently referred to, the work in 
construction is more uniform in closeness and soundness of rivetted 
parts; the lightness of the plates also offers facilities for working 
them better to their places, having them in greater breadths or lengths 
without entail of extra cost, advantages more largely experienced in 
heavy vessels ; the plates are also less liable to rupture nnder pressure 
from stranding, and, by experience, are found to be as valuable and 
durable in view of wasting from all causes as it is found necessary 
under such circumstances to use. 

6. Secondltf. The stringers of the Liverpool book are at some length 
dwelt upon, first, as to their greater breadth ; and, secondly, as to 
their durability. 

On the Jirst point, I reply-^it is well-known that plates placed so as 
to have strains passmg through their width, gain strength to resist 
such strains as they gain increase of width — ^just as beams gain in the 
same way, and in proportion to the square of their depths ; thus the 
Coimbatore, built by the author of the paper, having a stringer, per 
Liverpool rules 34" x ^V'> instead of one 29" x |^J", would have one- 
third more strength imparted to act against racking and lateral strains 
on the upper deck line, a trifle more cross-section, and at least other 
4 rivets added in that small compass in view of longitudinal strains. 

Under such considerations, in the case thus quoted, I would prefer 
the broad thin plate referred to. No one will question the statement 
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that the more surface exposed to oxidation, the more oxidation will 
ensue ; but I do not think this point of such a serious nature as to merit 
pre-eminence. I grant that, in course of time, and equal conditions 
otherwise, a thin plate will disappear, and a thicker will remain ; but 
does it follow, therefore, that a stringer-plate 34" x ^" is so much 
inferior in fitness for position on the deck of an 1149 tons ship, to one 
29" X \%"y as to cause the rejection of the former for such a purpose? 
It seems more reasonable to saj that it would be preferable to adopt 
the stringer, giving one-third more lateral strength, one-eighth more 
longitudinal strength by increase of rivetting, and onlj offering, against 
such a course, the reason of an inconsiderable loss of vertical stiffness, 
and an exposure of one-sixth more surface to the slow and unproperly 
cared-for structures, I might almost say stagnant process of oxidation. 
In an unpublished report on the Richard Cobden, an iron vessel, ex- 
amined when 20 years' old, I find these words under the head of 
<< external examination" and '^ internal examination" respectively. 
''The plating, from the keel to the medium load line, with the exception 
of one fore-foot keel-plate, was found to be in a very perfect state of 
preservation, and when pierced was not discovered to have lost any of 
its original thickness ; but from this point (medium load line) upwards, 
the surfaces of the plating wore a considerable coating of rust, which, 
on being beaten off, exposed a rough and apparently much wasted sur- 
face, and which, when pierced, was found to have lost generally over 
the whole surface from a little less than one-eighth to fully one-eighth 
of an inch of its thickness." 

" The stringers of the upper and 'tween deck beams were found to 
be in good order .... the plating from the keel to the 'tween 
deck beams was found to be in very good order." 

Such a report on an iron vessel, after 20 years' sea-service, and suet 
a vessel, bottom plating -,%, side ^\, and topsides -j^, with stringers 
upper deck, 24" x ^" or ^", and lower deck, 24" x ^VS offers some 
proof that corrosion or oxidation is of a less active disposition than 
supposed, and if so, the use of the minimum of scantling in ships* sides 
and stringers is justifiable and commendable. 
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7. On page 85, line i9, read — "In the floor-plates, frames, reyerse 
bars, especially in the wake of the boilers, the same diminution occors 
in the thickness, so that cases snch as these prove that thickness is of 
much more importance than breadth." It is difficult to see preciselj 
the author's meaning here ; he seems to have begun this paragraph, 
intending to show that in the various parts of scantling enumerated, 
'< the same diminution occurs" in the provisions of the Liverpool book; 
then possibly recollecting that this was not generally the case, the para- 
graph is finished with a more direct reference to the loss by oxidation. 

In the vessels referred to in Table I., viz., 360, 520, 700, 988, 
1149, 1444 tons, the same thickness of frame is provided by both 
registries, and between the two registries there is only a mean of 1^ 
per cent, of difference in sectional area of frame and reverse fhune 
taken together. In the 1950 tons Liverpool vessel there is a difference 
of one-sixteenth in the thickness of the frames, and also a similar 
reduction in the reverse bars of all the above vessels, except the two 
least, the smallest of which has one-sixteenth in excess of what Lloyd's 
provide; and the 520 tons vessel has an equal thickness. As to thick- 
ness of floors, the matter stands thus : — ^In the 360 tons vessel the 
floors are equal in middle half of vessel ; at the ends the Lloyd's 
floors are one-sixteenth thinner. In the 520 and 700 tons vessels, 
the Liverpool floors are one-sixteenth less over middle half of Vessel 
than Lloyd's, but of the same size at the ends. In the 988 and 1149 
tons vessels, Lloyd's floors are one-sixteenth heavier than those pro- 
vided by the Liverpool rules over the middle half of the vessel, and are 
also one-sixteenth less than the Liverpool floors at the ends. In the 
1950 tons vessel the same thing occurs, while in the 1444 tons vessel 
the Lloyds' floors are by two-sixteenths the heaviest over the middle 
half of vessel, and are of the same thickness as the Liverpool floors 
over the end quarter lengths of vessel. 

From this it appears plain that the Liverpool floors are in no case 
thinner at the ends; in 360, 900, 1100, and 2000 tons vessels, they are 
one-sixteenth thicker, and in the case of the 500, 700, and 1444 tons 
vessels, they are the same thickness as Lloyd's at ends. 
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In reference to these redactions, oxidation is again pleaded as a 
bar; but if a bar at the middle, why not at the ends of a vessel where 
it is patent that there is greater fonlness, more dirt, and all that 
tends to promote oxidation than in the middle of a vessel, which 
may be cleansed more easily and freely, and which is generally there- 
fore better attended to in this respect than the ends are ? 

Bnty induced by these comparisons, I am led to believe that this is 
not the reason why the floors of Lloyd's are made progressively 
heavier; but because they, with the other scantlings, are made to 
progress with tonnage, and as the latter cannot safely be trusted to 
take care of the depth for the reason previously referred to, it is made 
the custodian of the thickness, and permitted thus to Increase it, inno- 
cently, all but that it swells the grievance of weight. 

8. The floors of the Liverpool book are not only thinner in the 
middle of the vessels but also shallower — thus in the case of the Coim- 
batore^ 1149 tons, 

The Liverpool floors would be 22^" x ^". 
The Lloyd's floors would be 24" x \i". 

One-tenth thinner, and one-fifteenth shallower, the proportions as to 
reduced strength being as 1 is to *9 for thickness. 

And as 1 is to *862 for depth. 

But this shows the Liverpool floor to be stronger for its thickness than 
the Lloyd's floor. 

Then the length of the floor has to do directly with its strength. 
Provision is made for practically shortening the floorswhen, by the Liver- 
pool rules, they exceed 21 in. depth at centreline; t>., when the vessel 
in which they are placed exceeds 32 feet in beam. Thus, for example, 
the Weatliersfield, though of 34 feet beam, would not, if her tonnage 
did not exceed 1000 in the gross, have any such provision, as by the 
Liverpool rules she would have, viz., an intercostal keelson rivetted 
through the skin, thus supporting the floors vertically against 
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twisting or buckling, and, in effect, shortening the floors by half their 
length. 

The 1000 tons steamer, of which particulars are famished in Table 1, 
affords a more striking view of the application of this keelson. In this 
case the beam is 35 feet, without the intercostal being required by 
Lloyd's ; but by the Liverpool rules it is provided, and stands in the 
doable office of shortening the floor line, and offering additional sec- 
tional area to bottom, to meet the extra duty the latter has to perform 
in a vessel of such extreme proportions. 

9. The author of the paper referred to, is, I think, quite right when 
he alludes to the necessity for extra thickness of floors under the 
boilers of steamers, beyond probably what either of the Registries 
provide for. 

10. Bead page 85, line 26 to 84, — <' To take the case of sail- 
ing ships of from 1000 to 1200 tons, these sizes being most familiar to 
our members, who have built vessels to class in both books, the stringer 
plates have to be made in accordance with the Liverpool rules, broader 
than for Lloyd's, and although we may submit to the Liverpool sur- 
veyors, that by Lloyd's we have as much section of iron as they them- 
selves require, we are told that they do not recognise the section as 
being sufficient without the breadth, and therefore we are required to 
make stringers to the maximum thickness of Lloyd's, and the maximum 
breadth of the Liverpool requirements." Then at page 86, line 1, 
'^ There are other items which clash in the same manner, and although 
by correspondence some of the differences may be modified, it is not 
satisfactory to be dependent on the caprices of committees or surveyors 
in matters which might be regalated by a little of the give and take 
principle." 

The paper, the subject of these remarks, was read on the 3rd of 
April, 1865, at which time the firm with which the author is connected 
was building a vessel, the specification for which was approved by the 
Liverpool Committee, December 22, 1864, or say three months before 
this paper was read. 
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This vessel is now called the CoimbcOore^ and though the section is 
shown among the annexed sketches, the scantling is not there. 

But, that the author of the paper did not represent correctly the 
practice of the Liverpool Committee, by the last quoted paragraph, I 
quote the modifications from the maximum of Liverpool requirements 
in the case of this vessel to prove. Stringer-plates on npp^r deck 
were required 84" wide, they were passed 82" wide; lower-deck 
stringers were required 25", they were passed 23" wide ; the side- 
stringer required a bulb 8^" x ^" between the angleB — ^this bulb was 
left out ; the centre line keelson should have been double 1 8" x -^"^ 
they were passed 18" x ^", and the top and bottom plates of this 
keelson were passed each one-sixteenth below the thickness required 
by rules without any protest as to the prospective ravages to be made 
by oxidation on the reduced thicknesses. 

I might refer to vessels built by other builders to show this to be no 
exceptional case ; but I think the Coimbatore will suflBce for this point 
and possibly for others to follow. 

The author's firm had, in obtaining acceptance of these modifications, 
very limited experience of the caprices of surveyors or committees, so 
far as the Livei'pool Committee and staff are concerned. The " give 
and take" proposal of the author is too indefinite for consideration^ 

11. Before leaving this question, read page 85, line 35, "Then 
again, besides making the centre keelson so much heavier than Lloyd's, 
the Liverpool rules require an extra or additional keelson or stringer, 
which, I have no doubt, may be necessary for vessels built solely to 
their rules ; but when added to a vessel built with the heavy plating of 
Lloyd's requirements, must be superfluous strength and weight." 

Bead also at page 95 of the discussion, line 33, " With regard to 
what had been said about the additional stringer required by the 

Liverpool rules It had been urged that this side-stringer 

was necessary to support the vessel against shocks received when lying 
in a tier, but his experience did not point to a single instance in which 
an internal stringer had been required for such a purpose ... he 



Digitized by VjOOQ IC 



for the Construction of Iron Ships. 31 

conid not see that a stringer placed where the Liyerpool rules required 
one was of any f alne in this respect. He had never found symptoms 
of weakness in this part of the ship." 

The centre line keelson is much heavier than Lloyd's. This is re- 
quired to be so for the following reasons, with others : — 1 , Because, 
as has been shown, the floors are much lighter and weaker at the centre. 
2, The keel and garboard-strake flanges are also lighter. 3, The 
lightness of the bottom plating makes it advisable to add in other ways 
to the gross sectional area of the bottom. This keelson will receive 
notice further on. 

The use of the ^' side stringer" has been misunderstood, it seems, by 
some who took part in the discussion. 

Its use may be apparent by the following reasoning in reference to 
Lloyd's, taking section /j^ appended for reference. 

The Sarah Scott is just of the size in which Lloyd's would first require 
the upper turn bilge keelson, and it may not be necessary to go further 
in reference to the reason for its adoption at this limit than to suppose 
that the side has reached a limit requiring such lateral stiffening. The 
distance of this keelson from the top of the hold beam is 7 feet. In other 
words, the keelson is put in with reference to the wants of the side, and 
a minimum of 7 feet left unsupported — ^the depth of lower hold under 
beams being 10 feet 6 inches. The side is then allowed to be extended 
till the lower hold from under underside of lower deck becomes 15 feet, 
before any other such fastening is called for — giving a distance from 
upper turn keelson to top of hold beam of 11 feet (as in the 1444 tons 
vessel). AU other things, therefore, being equal, this extension of side 
would be equivalent to a loss of one-fourth the strength, for which the 
provision made is, by increasing the internal flange of the frames from 
3f " X iV' to 5" X A", and by increase of side plating from j^^" to H". 
The increase made by Liverpool rules upon the scantling required for 
the small ship is nearly identical, viz., frame flange from 4" x ^" to 
5" X A", and plating from ^" to {%". 



Digitized by VjOOQIC 



32 On Lloj/cTa and the Liverpool RuleSj 

Increase by Lloyd's,... 1 J" to width of frame flange. 
„ 9, 1^" to thickness of side plating, 

„ Liverpool, ^'^ to „ „ 

„ n 1" to width of frame flange. 

There is, therefore, -^" of thickness of plating, and ^" of width 
of frame flange provided by Lloyd's in excess of the Liverpool pro- 
visions. The excess in frame will be required to carry the excess in 
plating through its work, leaving the increase of one-sixteenth of plating 
(regarded either as increasing the strength of the side in proportion to 
increase of thickness of plating over Liverpool provisions, which will 
be ^th, or in proportion to aggregate increase of the thickness of the 
side of the vessel, measured through the entire section of frame and 
plating, which will be ^ih of that section) — ^to add, though only in 
a trifling degree, to the lateral strength, as compared to the loss sus- 
tained; the two standing to each other possibly as '25 : 'OS. That is, 
Lloyd's offers only about *05 more strength to the side than Liverpool, 
and it is on this small consideration that this opinion is based, that the 
side stringer is less necessary to Lloyd's than to the Liverpool vessel of 
equal depths and beam arrangements. 

There is also to be considered the circumstance that, between the 
limits where Lloyd's provide for side stiffening, viz., between the 
introduction of the upper turn keelson and the next introduction of 
orlop beams, there is a threefold increase of weight to be carried, from 
500 to 1500 tons. The side thus has its proportionate increase of 
duty, as shown by a further comparison of the two vessels, in which the 
fact will discover itself that the side, though one-fourth weaker, has 
double duty to do in reference to cargo. 

Firsts Sarah Scott has 7 feet of side exposed, and is 28 feet beam. 
Then, take half the beam = 14 x 7 = 98 cubic feet of cargo say, which 
the 7 feet side has to sustain. 

Second^ Nagpore has 11 feet side, and is 38 feet beam. Then, half 
of the beam = 19 x 11 = 209. Thus the proportions of cargo duty 
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stand to each other as 98 : 209 ; or : 1 : : 2*13 ; or the 1444 tons 
ressel has rather more than donble cargo dnty to do as compared with 
Sarah Scott, the 520 tons vessel ; and, other things being eqnal, only 
to increase required for extended side, the side requires lateral assis- 
tance to meet this doable dnty. 

This, it is proposed, should be the precise office of the Liverpool 
"* side stringer,*' and with this view it is graduated for depths varying 
from 21 feet to the depth requiring orlop beams. The vessel of 24 
feet depth, or 15 feet lower hold, having had some compensation for 
extended side bearing so)ne proportion to that side, whereas in 
Lloyd's vessel nothing beyond the trifling items mentioned, such as 
1 inch of frame-flange, and three-sixteenths of plating, till the vessel 
becomes 15 feet 6 inches under lower deck beams, or 24 feet 6 inches in 
depth, and then provision of a most excessive character is introduced 
adding vastly more weight than in the 24 feet Liverpool vessel is 
used for a similar purpose; while it reduces the lower hold from 
15 feet 6 inches to some 8 feet — a less lower hold than at any other 
smaller capacity — and making the orlop-beamed vessel to have no 
reasonable reference or relation to the vessel 6 inches shallower, and 
possibly of the same tonnage, in respect of co-efficient of weight, and 
capacity in point of strength, for her duties. 

12. There is no doubt that this stringer is generally in the neutral 
part of the ship's side. This is inevitable. It is not designed for 
other than lateral strains, such as result from working in a rolling sea, 
lying in tiers or docks, and especially for working in or out of docks. 
Yet, in vessels of greater depth than those into which it is first intro- 
duced, it will be higher above the said axis, and to that degree become 
available for longitudinal strain. It is also generally of a limited 
length as compared with the other stringers in the smaller vessels into 
which it is put, seldom being carried into the ends, and rarely requested 
to be so treated in the Lloyd's vessels into which it has been intro- 
duced. 

E 
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13. The second proposition %8^ " Whether the Liverpool veasel ia better 
or worse than a Lloyd's ship, considered relatively thereto." 

In proceeding to consider this proposition, read at page 84, line 31, 
— " On this point there will no donbt be different opinions, but for onr 
present purpose (which, at line 9 of same page, is to discuss these 
very points), we may assume their equality in that respect." I pro- 
ceed, then, likewise, assuming that as the author is incorrect under the 
first proposition, he may be possibly in error as to this assumption. 

Read further at page 89, line 7 of the discussion, '' If it was con- 
sidered the data was sufficiently correct to found a discussion upon, 
then it appeared to him that they should give their opinion as to 
whether Lloyd's or the Liverpool rules for building iron vessels was 
the best ;" also, at line 27, by a member, " It was found that in vessels 
built on Lloyd's rules, there was nothing to complain of. . . . He 
was of opinion that the latter, in ordinary circumstances, was the 
better system to go upon, and quite agreed with the views as stated in 
the paper." 

These views are summed up at line 3, page 87, " All he had done 
was to make a few remarks." 

But read further at page 90, line 1, a member, " said he had gone 
very carefully into Lloyd's and the Liverpool rules, and also into the 
paper, and he could come to no other conclusion than that the Com- 
mittee of Lloyd's had acted wisely in adopting tonnage as the standard 
by which the scantling of ships should be regulated. He had always 
contended that the form of a vessel should be taken into consideration 
when determining the amount of material to be used in its construc- 
tion, and the manner in which that material should be distributed; and 
seeing that the new measurement tonnage, when hoked at with the 
principal dimensions^ was a correct idea of a vessel's form, it followed 
that a table of scantlings, based upon such tonnage, would be more 
satisfactory for general purposes than a table based upon principal 
dimensions alone. In confirmation of this statement he need only refer 
to the valuable paper read by the Chairman in November last, in which 
it was shown that the tonnage of a vessel 205 x 34^ x 24 could be 
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made to vary from 934 to 1273 tons. Now, by Lloyd's niles, the 
fuller ship, which would have the greater amount of work to do, would 
be required to have heavier scantling than the sharp, ship; but by the 
Liverpool rules, the scantling of both vessels would be alike • • • 

- . . • and he thought that this one illustration would suffice to 
show that the Liverpool Underwriters were at fault in ignoring ton- 
nage, and basing their scantlings on dimensions alone." 

Read again at page 92, line 16, ^ As had been shown, the rules 
showed very different requirements in the plating. The Liverpool 
rules did not take cognizance of plates beyond five-eighths thicki 
except for very large ships; but tne amount of intetmal keelson and 
stringer made it up in weight " 

" Whether Lloyd's or the Liverpool Underwriters were right in 
regard to the thickness of the plating required, was a question that 
only experience could decide* He did not know that they could 
say much about it, unless they could show that the Liverpool ship 
was weaker, more expensive, and less durable ;'' and finally read on 
same page, at line 11, the author '^said although there was 10 per 
cent, more weight of iron, there was only 2^ per cent, less of carrying 
capacity." 

14. In noticing the above extracts, I beg to call attention to the 
fallacy under which the author of the paper in question laboured when 
he '^ assumed" the equality between Lloyd's and Liverpool Rules, viz., 
<< That though the Liverpool rules are 7 to 10 per cent, lighter in 
plating, they are also 7 to 10 per cent, heavier in internal stringers, 
keelsons," &c., ** which made it wp." Or, in other words, that the Liver- 
pool excesses in internal fastenings over Lloyd's are equal to Lloyd's 
external skin excesses, and that the two features balance each other S 
or, that one vessel is as heavy as the other. That this is not the 
case, refer to Table 1, and find the internal fastenings in the Weathers'- 
field (built by a member of this Institution), which by Liverpool rules 
gives, under Column 9, 153 square mches for one-half areas at mid 
section; Lloyd's gives 137 square inches, or 12 per cent, /esfthan 
LiverpooL Then find, under Column 4, area of one side of shell 
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plating by Liverpool rules 319 ; by Lloyd's rules, 860 ; or 13 per 
cent, more than LiyerpooL Now, it is true that the per centage is 
nearly equal in each case ; but it will be seen at a glance, that the 
Liverpool excess is only stated in a per centage over 137 square 
inches, the area of Lloyd's keelsons, while Lloyd's excess is stated to 
be 13 per cent, over 319 square inches, the Liverpool shell plating, the 
difference being as 16 is to 41, or as 1 is to 2^. 

15. Or again, take the case of the Coimbatore, Column 9, Liverpool 
internal fastenings on one side of vessel, 166 square inches; Lloyd's 
internal fastenings on one side of vessel, 139 square inches — difference 
equal to 19 per cent, in favour of Liverpool keelson. Then the area 
of one side of the Lloyd's shell for such a vessel is 382 square inches, 
while that for a Liverpool vessel is 339 square inches— difference 12^ 
per cent, in favour of Lloyd's. In this case, again, as in the Weathers- 
JUJd^ the Liverpool excess is 19 per cent, over 139, while Lloyd's ex- 
cess is 12^ per cent, over 339; or, as 27 is to 43; or, a« 1 is to 1*55. 
In other words, the Liverpool ship would require from one-half more 
to fully as much more internal fastening as at present provided, before 
the statements in the paper or discussion on this point would consist 
with it. 

16. The only expressions in the extracts under notice, which border 
in any way upon the " opinion" which the author solicited at page 89, 
line 9, and '< supposed" at page 94, line 14, are those above quoted, 
unless that questionable form of it, at page 95, line 9, be held to have 
any relation to it. To avoid, however, the " general" view, which is 
on the whole a hazy medium, 

Firsts I presume a specific maximum tonnage was not contended for 
here, so long as between the limits of the extremes of the supposed 
cases there is a difference corresponding to that quoted, viz : — in the 
capacities of the two vessels, whose dimensions are stated above, but 
whose capacities are, as 934 is to 1273 ; I therefore will take it that 
two vessels whose capacities are respectively 900 and 1200, would do 
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quite as well for illustration, where, instead of a difference of 839 tons, 
there is a difference of 300 — enough to test the application of Lloyd's 
scantling by the tonnage basis, and show how it adapts itself to pro- 
vide for the carrying of every one of its tons. On referring to Table 
G, I find a certain provision on the above dimensions for 900 tons and 
for 1200 tons, no additional fastening or scantling whatever to take up 
the inflated ends which have been gorged with cargo. There is an inter- 
costal keelson added for the capacity exceeding 1000 tons, but what 
use is this on a floor whose conditions are not altered from those in 
the vessel of 900 tons, since it stops short of the ends where inflation 
has been most practised t Not a fraction is added to top fastening, 
except ^ inch to breadth of angles, nor to side plating; only the frames 
and reverse frames have been increased in size, adding their quota to 
the weighed ends, which the ^ in. added to keelson angles and ^ in. to 
depth of keel are inadequate to support. A vessel built entirely to 
Lloyd's will permit more than this. One may be built on dimensions 
for 800 tons, and this form may be inflated, if possible, till it carries 
1200 tons, and all that Lloyd's will require, to help the structure to 
support itself and cargo, will be to add one-sixteenth to the thickness 
of the shell plating, stringers, floors, frames, reverse frames, and a little 
more for them to carry in the keelson angles, keel, stem, stem frame, and 
rudder ; but not a rivet more added, not an increase in thickness of 
a single rivet except at the most neutral part of side, though carrying 
half more and nearly all the added cargo at the ends. 

Yet we are told with all conceivable distinctness, which a careful 
investigation only would warrant : — " Now, by Lloyd's rules, the fuller 
ship, which would have the greater amount of work to do, would be 
required to have the heavier scantling." 

17. Lloyd's Table Q, shows for a vessel 800 and under 900 Tons. 
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900 and under iOOO Tons, 
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Thus all the additional fastening provided in such a full vessel is practi- 
cally «t7, at upper deck line, for, although there is one-sixteeDth increase 
in thickness of stringers and ties, and stringer angles, and ^" in width of 
one flange of the latter, there is no addition to the rivets which hold them 
together. The same remark applies to the bottom ; the centre line 
keelson, though one-sixteenth thicker, has its joints no better secured 
— the onlj real addition to bottom line being in the depth of keel, 
which is increased 1 inch ; and in the flanges of the garboard-strakes, 
which are also increased a like amount in depth, and one-sixteenth in 
thickness; that those additions are relevant to the above conclu- 
sions, or adequate to meet the increased duty, it would be useless to 
affirm. 

18. It will only be necessary to add, that in the same vessels built by 
Liverpool rules, there would be (see Table 1) to begin with, 10 per 
cent, less gross weight; taking James Wit^hart as an illustration, she 
would have 4| per cent, more area in bottom fastenings, and 3 per 
cent, more in top fastenings. This would be the case for the lower 
capacity, and though, as seen from Column 7, Table 1, that there is 5 per 
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cent. less topside and side plating area in the Liverpool ressel than iu 
Lloyd's vessel, yet, on reference to the section of the vessel, it will be 
seen that this excess is acquired only from the line of hold beams to 
the point at which the comparisons terminate, viz., two-thirds the 
depth, measnred from the upper side of upper deck beams, the most 
neutral part of the vessel. 

And, moreover, that though over a considerable part of this distance 
the plating of the two registries agree, and beyond this, to the point 
at which the comparisons termmate, there is 5 per cent, against 
the Liverpool rules ; on looking to the rivet table at foot of James 
Wishart*8 section, it will be seen, Jirst, that the excess in the plating is 
not fastened better together than that part of the plating where there 
is no excess ; and in point of longitudinal strength, it is, therefore, no 
better than if no excess had been added. Secondly^ that all the side 
plating below sheer-strake of Lloyd's, has inferior fastening to that 
provided by the Liverpool rules^ the rivets being by Lloyd's twelve- 
sixteenths, and by Liverpool rules, thirteen-sixteentbs, a difference 
equal to 16 per cent., without touching the question of the number 
and arrangement of rivets which will be referred to further on. 

The sheer-strake is the same as to size and fastening, and as to size of 
rivets in both cases ; but the upper-deck stringer is 30 per cent, wider, 
offering facilities to increase the rivetting of its butts by nearly a like 
amount, by making room for two more rows of rivets on each side of 
butts. There is on this same line a gross gain of 7| per cent, of area 
in lon'jcitudinal fastenings in favour of Liverpool over Lloyd's, giving 
the latter credit for the full area of their diagonals for this purpose. 

The sum of these differences, therefore, point to two inferences, ^^f, 
that for the lower capacity in the cases assumed, the Liverpool vessel 
is provided with a larger amount of longitudinal strength than Lloyd's 
vessel is provided with. Second^ that whatever be the limit which 
practice may assign as the ultimate point to which inflation of a par- 
ticular form may be carried, it is evident that the Liverpool vessel 
is more efficiently provided for, in view of the demands likely to 1m 
made upon her in such a way 
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Again, althoagh to meet the demands of such a contemplated in^ 
crease of capacity, the Liyerpool rules make little provision, jet, in this 
respect, they are not inferior to Lloyd's; for, as has been shown, the 
only part where real additions are made, is in the line of the keel, and it 
will be foand that in passing from 750 to 1000 tdns, the keel of the 
Liverpool vessel changes from 

8" X 2 J" to 9" X 2i". 

an increase which, with its effects upon garboard-strake flanges, may 
fairly act as a set off against that provided by Lloyd's. 

19. I now refer to the cases of the Weatherafield, of 988 tons, and 
Coimhatore, of 1149 tons, as showing how the Liverpool and Lloyd's 
Rules provide for the differences in dimensions usually found to obtain 
when such large accessions to tonnage are made ; and as this is the 
direct tendency of the New Measurement Tonnage Act, when the 
builder is allowed to provide his own " form," which he considers the 
best to carry the tonnage required by the owner, it may serve to show 
also, how far the Liverpool practice in regulating scantling combines 
with this other new practice. 

Weathersfidds builder's dimensions 205 ft. x 34^ ft. x 21^ ft. = 
988 tons register under deck, 

Coimbatort^s dimensions by builders, 205 ft. x 35 ft. x 22^ ft. = 
1149 tons register under deck. 

Refer to Table 1, first to Column 8, and find for both tonnages the 
requirements by both registries for deck stringers, ties and angles to 
be identical ; then in Column 7, find Lloyd's excess of area in side 
plating exactly the same in each case ; but as this last item is subject 
to the same reduction and remarks as have been made in the case of 
the James Wishart^ this excess will not be taken into account ; then, 
in Column 6, find that in the case of Weathersfield, Lloyd's require- 
ments for keelsons in the bottom, are 13 per cent, less than the 
Liverpool requirements; and that in the case of the Coitnbatorej 
Lloyd's requirements for keelsons in the bottom are 16^ per cent, less 
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than the Liyerpool requirements ; then, in Colamn 5, the area of bot- 
tom plating in Lloyd's is in both cases 20 per cent, in excess of 
Liverpool requirements. 

The cases will stand in comparison with each other thus, for 
Table 2 :— 

Weathenfield*8. 
Liverpool. Uoyd's. 

Top fastening, !• 1- 

Bottom keelsons, 1*135 1' 

Bottom plating, 1* 1*2 

Showing that while the Lloyd's scantling has permitted no addition how- 
ever small to the scantling, the Liverpool rules have entailed an addition 
of 3 per cent, in bottom keelson area, over that required by Lloyd's ; 
and as will be seen in Column 9, caused — by providing for the increased 
exigencies of the side, together with increase of bottom fastenings — ^the 
gross areas of internal fastenings to rise from 12 per cent, in case of 
Weathersfield, to 19 per cent, in case of Coimhatore^ over Lloyd's 
requirements. While I show these cases with some particularity, I do 
not claim any special importance for the small difference, but intend it 
to be seen that the difference, small as it is, is in favour of the Liver- 
pool mode of providing scantling. 

20. I now remark in reference to, and more fully on, Table 1, as to 
what it shows, and will merely observe in reference to the first seven 
vessels upon it, that they were taken as being ordinary vessels, showing 
the usual diversity of form and proportions, as being classed in both 
Registers, and well known to have been built. In using the sections 
I have merely taken the outline and arrangement of fastenings, to 
show that the latter were only ordinary arrangements, and as afford- 
ing tks good specimens as need be, to which I might put on the 
scantlings of the two Registries as shown by their Tables for 1864-5. 

Refer first to Columns 4, 5, and 7, and find under their various 
headings of " Gross area shell plating," " Bottom plating," and " Side 
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plating," the following per centages of excess required by Lloyd's over 
the Liverpool rnles for the following six vessels, for Table 3 :— 



Sarah Scott, 
James Wishart, 
Weathersfield, 
Coimbatore, 
Nagpore, 
No Name, 



Gross Area of SheU 
Plating. 



Areas of Bottom 
Plating. 



15^ per cent. 

14i 

13 

22i 
l4 



Area of Side Plating 
to two-thirds depth 



2H 


per cent. 


22 




20 




20 




29i 




20 





6J per cent. 

4 

5 

5 

13| 

13| 

Mean of first 4 Mean of first 4 Mean of first 4 : 
and Gth = 13.9.!aDd 6th = 21-3. ' 6-38. 



This table 8hows,./r5^, a very constant ratio to subsist between the 
plating of Lloyd's and that of the Liverpool book, so far as the latter 
goes on increasing the thickness of its plating, as shown by the cases 
of the first four vessels in Table 3. Secondly That practically the same 
thing is obtained by the two methods which govern the said increase 
of plating, and that is a similar gradual increase. Thus, taking 
the first four vessels and the sixth, I find a mean of nearly 14 per 
cent. The highest and lowest individual instances being only 1^ per 
cent, above and below, proves this Jo be a fair mean. The reason 
why the first four vessels in Table 3 are taken is obvious ; they repre- 
sent the limits— ^r5^, at which the two registries approach each other 
and, secondly, the point at which they part company, where the Liver- 
pool book ceases to increase its plating in thickness. 

The 6th vessel is taken to show that the further provision made by 
the Liverpool book, by requiring two double strakes in the vessel's 
side, when 1500 tons capacity is attained, practically reaches only the 
limit of approach to Lloyd's plating previously obtained, while being 
concentrated for totally distinct purposes ; thirdly. Table 3 shows 
further that the nearness of the ratios is not confined to the aggregate 
plating, but preserves its character when foand in '^ bottom plating, 
and side plating, separately." 
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21. Again,' refer to Table 1, and find, in no instance, that Lloyd's 
is in excess of the Liyerpool book in respect of bottom or top fasten- 
ings, or in the gross of both kinds ; but that in most instances there is 
a decided excess in favour of the Liverpool book as to deck-stringers 
and ties, and that in every case there is a most decided excess in 
favour of Liverpool in bottom fastenings. 

As in the cases of Jcanes Wishart, WeathersJUld, and Covnbaiorsy 
already referred to, so in all the other vessels, not only are the areas 
equal, or in excess, but the forms of the stringers and ties mthe Liver- 
pool vessel give more rivet-holding width, lateral stiffness, and hence, 
in both directions, additional strength. I will again call attention to 
Table 1, to show that the mean difference of 21'3 per cent, which 
Table 3 showed to be the excess of Lloyd's plating over Liverpool 
vessel's )>lating in the bottom, is really not to be looked at only 
through that medium ; thus, take from Columns 5 and 6 the areas of 
bottom plating and keelsons of the two registries, and the sum thereby 
obtained will shyw a different result. 

Table 4. 

Urerpool. Lloyd's. 

Coimbatore. 
Bottom plating, Column 5, 149 179 

Bottom keelsons, Column 6, 84 72 



233 251 

233 

18 = 7f per cent. 

The 20 per cent, of Table 1, under the head of Column 5, nor the 
21*3 per cent, of Table 3, do not show, therefore,- what it is impor- 
tant to know, that in the bottom of the Liverpool vessel there is within 
7| per cent, of the gross area available for resisting compression 
(which the bottom has usually to bear), which is to be found in Lloyd's ; 
whether this is sufficient, may be determined if its proportion to upper- 
deck and topside area of fastening be compared from Table 1, Column 
7 and 8, find for — 
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Table 5. 

Ooimbatore. 

Side platiog to f rds depth. Column 7> 149 

Deck-Btringers, ties, and angles, Column 8, 66 



liTerpool. 



215 



Then the top and bottom halves of the vessel are, respectively, as 
238 : 216 the latter the top, or as 1 : 1'08 — ^the difference of '08, 
showing a margin in favour of the bottom, for corrosive resistance, if 
desired for such a purpose. It is not contended here that all the 
necessary section is to be found in the top areas of the Liverpool vessel; 
but it is contended that with what is possessed in the upper region, 
there is no need for the 7f per cent, to be added to the section over 
and above what is provided for the bottom of the Liverpool vessel, 
especially when it is considered that the resistance to compression of 
iron is nearly, if not quite, that which it offers to tension in such a case. 
Columns 7 and 8 for Coimhatore show for Lloyd's vessel. 

Table 6. 

Lloyd'n. 

Side plating to f rds depth, Column 7, 156 

Deck-stringers, ties, and angles, Column 8, 66 

222 

And for Columns 5 and 6, for bottom plating and keelson respectively. 

Table 7. 
Bottom plating, Column 5, 179 

Bottom keelsons, Column 6, 72 

251 

thus causing Lloyd's top and bottom to stand as 251 : 222, or 
afi 1- : 1-3. 

22. One other point is worthy of notice viz : It has been seen that 
Lloyd's vessel has 20 per cent, more area in bottom plating, but only 
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7| per cent, more gross area in plating and keelsons combined; it 
has also been shown that this accession of 7| per cent, to Lloyd's gross 
area is nnnecessarj; bat it still remains to be considered in what 
adyantageons way the 12^ per cent, of deficiency in bottom plating 
area is made np in the Liverpool yessel, and whether any distinct ad- 
vantage has been gained over what wonld be obtained by the manner 
in which this area wonld be distributed by Lloyd's rules: — 

Fir8ty in what way is this 12^ per cent, made up in the Liverpool 
vessel? Column 6, Table 1, shows it to be by increasing the keelson 
areas, to an amount which makes the Liverpool vessel have 16^ per 
cent, more area of these members than Lloyd's, or in other wordis, 
12 J per cent, of the Liverpool bottom plating is equal to 16^ per 
cent, of Lloyd's bottom keelsons. 

Secondli/y is this a better distribution than by Lloyd's provisions ? 
To answer this see how Lloyd's do distribute their excess in bottom 
plating, it is by increasing the thickness over the Liverpool thickness, 
from -J-J to ^^ = i increase, or 12*5 per cent. Glance now at the 
rivet table at foot of Coimbatare's section, and it will be found, that 
the \i bottom plating is held together at the joints by f} rivets. Re- 
ferring now to a reliable rule for what size of rivets are required for 
snch plating, 1 find that {i plating requires rivets at leafit one inch in 
diameter, and that \i rivets are only fit for \% plates, the -^ plating 
of Lloyd's is only fastened with the rivets which are sufficient for, and 
which are provided by the Liverpool rules for \% plating. 

Thus then the ^" excess of thickness by Lloyd's might be shorn 
from the Coimbatare's bottom plating, without impairing the longi- 
tudinal tensile strength, and it is shown above that the removal to 
another place of a certain proportion of such excess still leaves sufficient 
for compression strams. It follows that this change is not for the 
worse to the vessel. Again refer to Coimbatore^s section, and find that 
by the table at the right of the sheet, on lines 3, 8, 4, 4, 5, 5, 6, 6, the 
proportions are shown in which the areas of the Liverpool and Lloyd's 
keelsons are made to stand to each other, thus the centre keelson on 
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lines 6, 6, are respectively 26 for Liverpool and 17 for Lloyd's or for 
the whole keelson in each case 21'43 x 2 =52-80 sq. in. say 53 sq. 
in., and 17-15 x 2 = 34-30 say 34^ sq. m. ; or more than half as much 
more area in the Liverpool than in the Lloyd's keelson, and then see 
under what different conditions the keelsons are now made to stand, by 
the different forms the keelsons are made to assume ; thus, the Liverpool 
keelson is made with a double centre web, of two plates 18" x -^" 
with top and bottom plate 12" x 9-16" and 4 angles (two top and two 
bottom) 5" X 3i" x 9-16", (See Fig. 11, Plate V.) A portion of 
this keelson supported between supports 20 feet apart would require 
238^ tons to break it taking the whole area as effective. 

The Lloyd's keelson is formed with one centre plate 16" x 13-16" and 
4 angles 5' x 4^ x 9-16". (See Fig. 12, Plate V.) 

A similar length of this keelson treated as a beam in the same way as 
the Liverpool keelson, would only sustain 137^ tons before breaking, 

by the formula, w = -^^ — 

a - area gross in square inches ; d = depth in feet ; I = length in feet ; 
and 60 a constant — being applied in each case ; the two keelsons thus 
standing to each other as to transverse strength as 238^ is to 137^ or 
as 1: 1-73. The constant however as applied to the Liverpool keel- 
son is too low when the way in which the butts are protected is com- 
pared with the Lloyd's keelson, the latter having only the single butt 
strip over the butt joint, while the former has the centre plates acting 
as butt straps to each other, and in addition the single covering strap. 
If therefore the constant 70 be used the Liverpool keelson will be seen 
to be just twice as strong as the Lloyd's, to resist upward strains, as 
for instance, when the vessel is at rest on blocks or rocks, &c. At the 
same time the areas being to each other as 53 : 34^, or as 1 : 1-53 
the Liverpool keelson is half as strong again for compression and in 
a much better condition still for tension, by reason of the coverings 
which can be, and are, thrown over all the butts, making their relative 
strengths for tension probably nearly as 1 : 1-75. 



Digitized by VjOOQ IC 



for the Construction of Iron Ships. 47 

23. Attention is here called to the gross depth through the centre 
line keelson in the Liverpool vessel, as compared with Lloyd's vessel, 
the two standing to each other. 





Tadle 8. 






LirerpoolVeMel. 


Llo7d*i YeweL 


Centre keelson. 


19 in. deep. 


' 16 in. deep. 


Floors, 


22i „ 


24 „ 


Keel, 


9 „ 


H „ 



50^ in. 48^ in. 

Showing, that notwithstanding the reduction of floors, the Liverpool 
vessel has secured, by redistribution of the excesses added for corro- 
sion by Lloyd's, a greater effective depth at a most important part, 
where any advantage, however small, is an unquestionable gain. 

Attention is also called to the "intercostal," as to the way in which 
it is secured to the skin of the vessel — the effect being analagous to 
adding a bottom flange, and so constituting this keelson an additional 
fore and aft rib, and answering the double purpose of preventing any 
tendency of the bottom plates to buckle when under compression, from 
any of the numerous imminent causes. 

This point is therefore made out, that by the Liverpool redistribu- 
tion of that 12^ per cent, of material into keelsons, which is, by Lloyd's 
rules, added to the thickness of the vessel's bottom, distinct advan- 
tages are secured, which are highly important to the vessel ; and that 
very large accessions of strength in all other directions have been 
made, without sacrifice of strength in any direction ; this, much for the 
material or sectional area of iron employed in the above referred to 
parts of the Liverpool and Lloyd's vessels. - 

24. Attention is now called to the differences existmg between the 
provisions made by the two registries for holding the various scantling 
together, which, if the measure of the strength of the weakest part be 
the measure of the strength of the whole structure, will be the best 
test left now to apply, and which is really the test that most vitally 
affects the comparison I am now making. 



Digitized by VjOOQ IC 



48 On Lloyii and the Liverpool Rules^ 

I revert, again, to the stringer plate in the upper-deck of the Coim- 
hatorey which is 84" x y\". Now, in proceeding with the comparison 
which I propose to set up, instead of depending for any force upon 
any views of my own, I will consalt the published results of im- 
portant, and careful experiments made by Mr. Fairbaim, and the 
comparison will attempt to show whether, as to number and size of 
rivets, the Liverpool or Lloyd's rules provide most satisfactorily in 
these respects. 

For the sizes of rivets provided by the two registries for the Coim- 
batorey see the rivet Table, at foot of section. 

The rules for spacing the rivets, and thus determining their number 
by Liverpool is, " 4 diameters apart from centre to centre," and by 
Lloyd's, *^ not more than 4 diameters, and not less than 3 diameters 
apart." The application of the Liverpool rule needs no explanation ; the 
Lloyd's rule, however, is not so explicit, and it needs to be said that 
it is meant to allow the rivets to be placed so that there is a distance 
between their near sides, equal to at least three times the diameter, and 
not more than four times the diameter of the rivet ; this, by Liverpool 
expression, would be from 4 to 5 diameters from centre to centre. 

Apply these rules, then, to the Coimbatore's stringer-plate, which, by 
the Liverpool rules, would have 10 rows of thirteen-sixteenth rivets, 
spaced 3^ inches centre to centre, on each side of the butt. The 
Lloyd's stringer-plate, 29 in. by ten-sixteenth in. would, by the above 
provision, have 8 rows of twelve-sixteenth inches, spaced with less than 
4, and more than 3 diameters between them ; thus, as to number in 
this stringer, the Liverpool rules provide 10 rows, and Lloyd's rules 
provide 8 rows ; or, in other words, the Liverpool rules provide 20 
per cent, more rivets than Lloyd's. See the following Table : — 

Table 9. 





UrerpooL 
No. of Bom. 


LlOTd*!. 

No. of Rows. 


Fir CD 


Sheer-strake, 


10 


9 


11 


Topside, 


11 


10 


10 


Side, 


9 


8 


12i 


Bottom, 


8 


7 


U 


Mean, 


• •• 


... 


12i 
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which shows that, in snch a vessel as the CoimbcUore^ taken as bailt 
under ordmary circumstances, there would be 12 per cent, more rivets 
bj the Liverpool than by Lloyd's rules. 

Then refer to rivet Tables for the diameters, and find that the 
Liverpool rules provide for the stringers, sheer-strake, and topsides, 
presumedly the most vulnerable parts of the vessel, because primarily 
dependent upon the rivets ; in each case rivets one-sixteenth in. larger 
in diameter than Lloyd's rules provide. Fairbaim's Table gives 
the diameter of rivets for nine-sixteenths in. plates as f|", for 
twelve-sixteenths in. plates, rivets l^th in. diameter, and for ten- 
sixteenths in. plates, rivets of fifteen-sixteenths in. diameter; and 
for the distance from centre to centre, he gives 4 times the thickness 
of the plates in each case. The following Table, therefore, will show 
how far the two registries approximate to the results of Fairbairn's 
researches, in their endeavours to apply to iron shipbuilding, the results 
of experience. 

Table 10. 



Fairbairn, 

Liverpool, 
Lloyd's, 


Diameter of 

Riyeufor 

9.16tha in. 

plates. 


Diameter of 

Rireto for 

12-16tha in. 

plates. 


DUmeter of 

Rivets for 

10.16th8in. 

plates. 


Distance from centre 
to centre allowed. 


( 13-1 6ths 

(inch 
13-1 6ths in. 
12-1 6ths in. 


lJthin.orl8-l 
lethsin. > 
15-16ths in. 
14-16th8 in. 


15-16ths in. 

14-16ths in. 
12-16ths in. 


(4 thicknesses 
( of the plates. 

5| do. do. about. 

5i to 6i about. 



It will thus be seen that though the Liverpool rules provide more 
than Lloyd's in number and diameter of rivets, they do not pass the 
limits, nor indeed reach them, in some instances, at which the greatest 
strength is found, but, as has been shown as to number, it will now 
appear that as to size of rivets, Lloyd's Tables provide considerably 
less than the Liverpool rules, and are, to a corresponding extent 
inferior in their provisions ; thus we may take it that the value of the 
rivets may be compared by comparing their areas, the areas are — 

Rivets, 12-16ths in., 13-16ths in., ll-16ths in., 15-16ths in. 

Areas, -441 -518 -601 -690 
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From this, it will appear that, as Lloyd's rules provide twelve-sijc- 
teenths in. diameter rivets for the stringers, and the Liverpool rules 
provide thirteen-sixteenths in., the provisions stand to each other as 
•44 : to '51, or as 1 : 1*16; making the Liverpool rivets as to 
diameter one-sixth stronger, or 16 per cent, better, than the Lloyd's 
rivets, used for the same purpose. If, therefore, this 16 per cent, be 
added to the 20 per cent, which the Liverpool rules give over Lloyd's 
as to number, it will show that the Liverpool stringer is fastened in 
comparison to the Lloyd's stringer, as 136 : 100 ; or it may be put, 
that if Lloyd's stringer was altered to the form and fastening pre- 
scribed by the Liverpool book, it would be more than one-third 
stronger longitudinally than it is. The same reasoning will apply to 
the shell plating ; in respect to numbers, Liverpool provides 12 per 
cent, more rivets than Lloyd's, and is therefore, in this respect, nearly 
one-eighth stronger. Take the case of the sheer-strake of Coimbaiore 
there is, by Lloyd's 11 per cent, less rivets as to numbers, see Table 
9, and the areas of rivets provided by the two registries, being as 
•690 : -601, or as 1 : 1-15 = one-seventh difference = 14 per cent. This 
shows this important strake to be 25 per cent, inferior to the' Liverpool 
sheer-strake. The topsides bear the comparison even worse than any 
other part, for there is 10 per cent, less rivets in number, and their 
areas are as 441 ; 610, or as 1 : 1'36, pr nearly of one-third less value 
which, added to 10 per cent, above, makes the topsides 40 per cent, 
weaker than those of the Liverpool vessel. 

The sum of this inquiry as to ri vetting is this: — The upper part of 
the Coimbatore, per Liverpool rules as to stringers and ties, on both 
decks, has longitudinal strength in it over Lloyd's of 36 per cent, 

and as to topsides and sheer-strake, a mean of ... 35 per cent. 

71 per cent. 

and that, as the gross areas of stringers and ties, and side plating^ are 
nearly similar from line of upper deck to line of lower deck, there is a 
mean excess of strength in that portion of the vessel alone, in the 
Liverpool as compared with the Lloyd's vessel, of 85^ per cent. 
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This may be subject to a slight reduction, as the areas of the portion 
of topside plating taken, viz., strakes P. O. and N. are not exactly the 
same as the stringer areas ; instead of being so, they stand to each 
other in each vessel as 66 : 78 fqr the Lloyd's vessel, and as 66 : 78 in 
the Liverpool vessel. There are also certain areas, such as ties and 
angles, wherein the same high per centage might not obtain. How- 
ever, to cover all such matters, suppose the 35^ per cent, be reduced 
to 25 per cent., there is still this difference, that the Liverpool vessel 
has over a Lloyd's vessel one-fourth more fastening in her upper works. 

In the lower part of the side, and in the bottom, as shown by Table 
4, there is respectively 12^ and 14 per cent, in favour of the Liverpool 
rules as to number, and as the diameters of both sets of rules are alike 
there is only the consideration to add to the above per centage, that 
Lloyd's rivetting has the additional duty to perform, over and above 
carrying cargo, of carrying an accession of 15 per cent, to its shell- 
plating, that in the bottom the rivets have 20 per cent, more area, and 
in the topside 5 per cent, more area, to unite ; and that the whole 
structure to be held together is at least from 4 to 5 per cent, heavier 
than the vessel built by the Liverpool rules. 

25. It follows, therefore, that in further comparing the two types of 
vessels, which I purpose doing under the third proposition, the per 
centages 25 per cent, and a mean of 12^ and 14 = 13 per cent, may 
be used as a set-off to any advantages which the Lloyd's vessel may 
develope in the last test to which I intend to put both her and her 
Liverpool sister. 

Before leaving this proposition, however, I think it will appear clear, 
that the question must be answered affirmatively, as to whether the 
Liverpool vessel is a better vessel than the Lloyd's, considered relatively 
thereto. 

First, In that, her scantling has been determined by length, breadth, 
and depth, instead of tonnage exclusively. 

Second, In that, portions of scantling used as plating &c., by Lloyd's 
are used as keelsons in the Liverpool vessel. 
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Third, In that, the rules determining the size and namber of rivets 
are found to differ. 

26. The third proposition is, " Whether the Liverpool is the best or 
worst ship, considered in relation to any standard common to both ?" 
As for instance, in the case of being placed in a position in which the 
whole of the bottom line is thrown into tension, or in which the whole 
top line is thrown into tension, and the bottom, as a conseqnence, 
put under compression. 

Let an ordinary test be applied to each vessel, wherein the whole 
cross sectional areas are put into the form of a beam girder^ having a 
central web, consisting of the side plating, and also top, bottom, and 
intermediate flanges, into which are concentrated all the sectional areas 
of the upper deck line, (in which case two-thirds of sheer-strake is 
added), the bottom line and the 'tween deck line respectively ; and the 
whole divided vertically by, and proved in relation to, the neutral axis of 
the section thus constituted. Reference is here made to Figs. 9 and 
XO, Plate v., on which the form of the CoimbcUore is drawn, with its 
equivalent girder section, as determined by the scantlings of the two 
Registries. 

The areas of the different parts will be found to correspond with 
those on Coimbatore's section sheet. Attention is first drawn to the 
position of the two neutral axes. That of the Liverpool vessel being 
15 ft. 4 in. from centre of gravity of upper deck line area, while that 
of the Lloyd's vessel is 15 ft. 5 in. between the same points — ^showing 
only a very slight difference between the moments of area in the two 
vessels. 

The displacement of the vessel in each case is assumed to be 2600 
tons, or as reduced to the effective weight upon the centre, by taking 
74 per cent, of the deadweight capacity, instead of the whole, and 
adding thereto half the weight of ship and outfit. Thus : — 

Capacity about 1 723 tons,* 74 per cent, of which = 1280 + (850 -r 2) 
«= 1705 tons at centre. 

* peadweight capacity reckoned at 50 per cent. iQore than registered tonnage. 



Digitized by VjOOQ IC 



/or the CmstructioH of Iran ^tjps. 53 

Then place Lloyd's yessel on supports, 195 ft. apart, one under each 
end. The strain thus generated, and acting upon the centre, will be 
equal to half of the 1705 tons multiplied by the leverage of half the 
length of the ship, and the product dirided bj the distance of the neutral 
axis from the bottom. Thus : — 

1705 - 2 =-??-?J--^-in ^ 10,965 tons. 
7*0o 

for the Liverpool vessel 852^ x 97^^ j^^^^^ ^^^ 

7-66 

the areas in bottom portions resisting tension in the Lloyd's vessel are 
482 square inches for bottom flange, and a proportion of the lower 
half of centre web due to the distance of its centre of gravity from 
the neutral axis. This is very nearly one-half of the whole distance 
between neutral axis and centre of gravity of lower flange; and, there- 
fore one-half of the lower portion of centre web is added ;• thus — 

482 sq. in. + (134 sq. in. -r- 2) = 482 + 67 = 549 sq. in. 
in the bottom of the Lloyd's vessel. 

rrv,«« 10,965 tons - ^ ^ . 

For the Liverpool vessel the areas are— 

468 sq. in- + (139 sq. in. -7- 2) = 537 sq. in. 

Then ^^^= 20-2 tons per sq. in. 

This shows that the resisting powers of Lloyd's bottom to tension- 
taking the gross area in square inches as a divisor, as above are 

superior to those of the Liverpool vessel as 20*2 is to 19*9, or 1^ per 
cent. more. But if it be borne in mind that it is the rivetting that is 
now under tension, and that there is a difference in favour of the 
Liverpool vessel in this item of 14 per cent, over Lloyd's, the above 
figures will then stand thus: — 
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Liverpool area as above stated bears, per square inch, 20*2 tons, 
as altimate strain, while Lloyd's bears, by 14 per cent, diminished areaa 
23*0 tons as altimate strain. 

Reversing the positions of the vessels, and supporting them by the 
centre, we have the strain tending to produce rupture at the centre of 
Lloyd's vessel, as — 

852^ X 97^ ^ 5333 ^^^^ 
15*4 

And in the Liverpool vessel, as — 

S^2i_xM = 5415 tons, 
15-33 

The areas resisting in each case are: — ^For Lloyd's, top flange 116 
sq. ih., fths of the topside area (between the two upper flanges), or 
91*5 sq. in. and half of 'tween deck flange area, or 34 sq. in., or 

116 + 91*5 + 27i + 34 = 269 sq. in. 

For the Liverpool vessel in the same proportions of the several areas 
there will be — 

118 + 91-5 + 26 + ^6 = 271i sq. in. 

Then for the Lloyd's vessel — 

5393 tons ^^ ^ . , * 

qTjq— -r— = 20 tons per square mch of gross section. 

And for the Liverpool vessel — 

■ ^°^ = 19-9, say 20, tons per square inch of gross section. 

27. These results show that the Lloyd and Liverpool vessels offer 
resistance to the tension, thus thrown upon the upper deck to exactly the 
same amount, so far as their comparative sectional area settles the point ; 
but here also it must be borne in mind that the strain is thrown upon 
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the sectional* area only in the proportion in which the rivetted joints 
stand to that area, and without inquiring how far either of these 
vessels approach to that desirable indentitj, it is enough to know for 
mj present purpose, that the Liverpool has at least 25 per cent, more 
strength in the rivetting than the Lloyd's vessel, and hence the above 
figures become altered in their mutual relationship, and instead of 
standing as 20 to 20, they will stand as 20 to 25, in other words the 
case stands thus — as now situated the vessel is in the worst possi- 
ble position and its tendency to rupture greatest; by putting the 
comparison in another way the capacities of the two vessels will be 

seen thus : — ^Let the formula ^ ^ =W, be applied, and let a represent 

the area of upper half of the vessels, and C = the comparative values of 
the rivetting of the two vessels, and stand as 60 for Lloyd's and 75 for 
Liverpool or 25 per cent, difference, then for the Lloyd's vessel we have 

269 x23 X 60^1903 tons breaking strain, 
19o 

and for the Liverpool vessel ^^^^ x 23 x 75 ^ g^^^ ^^^^ strains, 

195 

it will therefore be seen that if Lloyd's vessel was situated so as to 
require only 200 tons more than her own displacement to cause rup- 
ture, and thus have only the 13th of her displacement weight as a 
margin of reserved strength, the Liverpool vessel would be perfectly 
safe under the same circumstances, hanng little over f of her ultimate 
strength brought into play. 

28. I do not think it necessary to carry this comparison further. 
The question as to comparative resistance to compression is settled, by 
the close approximation of the areas, and it is quite clear also, that the 
7f excess in bottom area enjoyed by the Lloyd's vessel would, from 
the defectiveness of the top fastenings, never be called into use. 

I wish however to remark here, that I have left unnoticed the 
three following matters, viz., 
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First, that the Liverpool vessel being aboat 5 per -cent, lighter, 
would therefore have a difference in her favour of some 40 tons of 
displacement weight in the foregoing calculations. 

Second, that throughout I have included the deck diagonals as effec- 
tive cross sectional area, in the Lloyd's vessel, both for longitudinal 
and compressive strains. If these were deducted therefrom, the differ- 
ence would be of course more in favour of the Liverpool vessel. 

Third, I have only applied the foregoing investigations to one size 
of vessel, and that unquestionably one which does not put Lloyd's 
provisions in the most unfavourable light when compared with those of 
the Liverpool book, 

I submit, therefore, that in the foregoing remarks under the three 
propositions, the following points have been shown. 

1. That there was not sufficient data supplied in the paper under 
notice to enable the members of the Scottish Shipbuilders' Association 
to express any definite opinion on the question propounded in it, 
viz., "Whether the Liverpool 20 years, or the Lloyd's ^ 1 vessel was 
the best." 

2. That the data furnished was very incorrect as well as insufficient. 

3. That in all general and essential points the Liverpool vessel is 
the most mechanical and strongest, and in this latter respect the most 
durable, that she is as durable as Lloyd's in all vital parts viewed in 
relation to corrosive action, and that in view of the intensity of this 
action, she is more wisely provided for, than Lloyd's vessel, because 
of being as well provided against it where it is most imminent, and 
correspondingly provided against it where it is least active. 

4. That she is the lightest, and by the opinion of the author of this 
paper under notice, as well as by internal evidence, she is the cheapest 



5. That therefore the Liverpool vessel, as compared with Lloyd's, is 
the best vessel, because she combines the greatest strength with equal 
durability, with less material and at a less cost. 



Digitized by VjOOQIC 



for the Construction of Iron Ships, 67 

6. That the Liverpool Rules providing for scantling of ordinary 
vessels, are more effectual and serviceable than those in use by 
Lloyd's, and that more provision is made by the Liverpool Rules, in 
view of inflation of the ends of a vessel, whose dimensions remain on- 
altered, because there is a much greater resident strength obtained by 
a better distribution and fastening of the material permitting such 
almost unavoidable encroachments (upon any system of scantling) with 
the least risk. 

7. That the parts of scantlings which the Liverpool committee re- 
quire to be added or increased in Lloyd's vessel where the latter are 
sought to be classed in their register book, when such additions refer 
to keelsons, ties, stringers, and rivetting, do add a clear and important 
advantage to such vessel, and that there might be a removal of much 
Useless weight from certain parts of such vessels, without loss of any 
strength thereby, to make way for the said beneficial additions required 
by the Liverpool committee. 

I reluctantly close this paper, deterred from proceeding further on 
account of the extent to which I have been led in replying to the paper 
under review so far as it affects the provisions of the two registries for 
sailing vessels. In closing, however, I beg respectfully to call attention 
to Table 1, in which will be found a comparison between the provisions 
of the two registries for a 20 years and an /j^ steamer of 999 tons 
register, of 250 ft. by 35 ft. 9 in. by 18 ft. 3 in., and of 7 breadths to 
length, and just under 14 depths in length, in which the gross scantling 
of the two registries are identical, taken in connection with compara- 
tive end reductions, but between which the greatest disparity exists ai to 
the distribution of the material and the relative advantages thereby 
secured. 
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Id the after discnssion, 

Mr. John Fergoson said that the object of the paper, which had 
been reviewed by Mr. Price, was to draw attention to the annoyance 
and expense caused to shipbuilders and shipowners, who constructed 
Tessels to class in both Lloyd's and the Liverpool registries. For 
example, they had to put in thick stringer plates according to Lloyd's 
requirements, and broad plates to come up to the Liverpool rules. 
Certainly they sometunes got the differences modified by correspondence; 
but that was a disagreeable course, and not always successful. The 
paper was intended to advocate the doing away with any unnecessary 
weight of iron, or extra expense. He considered that Mr. Price's 
conclusions came very near to what he had arrived at, with regard to 
vessels of from 500 tons up to 1000 or 1500 tons. The small dis- 
crepancy of one or two per cent., pointed out by Mr. Price in regard to 
the 200 tons ship, which in the paper was said to be alike according 
to both Lloyd's and the Liverpool rules, was not worth mentioning. 
He maintained that he was right in reference to the 2000 tons ship 
which he had cited, which showed that the weights were nearly equal 
when built according to Lloyd's or the Liverpool rules. He did not 
doubt, however, that Mr. Price was quite correct with regard to the 
vessel he had taken, as the proportions of dimensions of the one vessel 
might be very different from the other, while the tonnage might be the 
same in both cases, and as Lloyd's regulate the scantlings chiefly by 
the tonnage, while the Liverpool scantlings were chiefly founded on 
dimensions ; but still, after looking over his figures he saw no reason 
to alter his previous deductions therefrom. There were a great many 
other points in the paper which might be taken up. For instance, 
Mr. Price supposed that the floors required to be made thicker at the 
ends, because they were most subject to corrosion there.. Now, he 
differed entirely from him in that opinion. He thought it was in the 
middle that corrosion was most injurious ; and experience showed that. 
The same argument would apply to the plating. It was all very well 
to take such a ship as the Richard Cobden, where the floors were high 
throughout. But let him take an ordinary vessel, and he would find 
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Sk different resalt. The firm vritb which he was connected had repeatedly 
taken the bottoms ont of ships, and found them entirely worn through 
between the frames near the centre of the ship. Now that cement, &c., 
was used between the frames, that action might be done away with ; 
but he thought that the fact of the greater wear being in the centre 
of the yessel was an argument why the bottom plating should be 
thicker, quite irrespective of the chance of the vessel grounding, which 
was a very important matter ; for he held strongly that it was impolitic 
to reduce the thickness of bottom plating. Experience showed that 
vessels rivetted according to Lloyd's rules were not deficient in the 
number or size of rivets ; on the contrary, he believed that by the 
rivets being too large, or too closely spaced, the vessel was weakened. 
Mr. Price had endeavoured to show that the Liverpool keelson was 
superior to Lloyd's. He agreed with him in that opinion; but what 
the Scottish Shipbuilders' Association objected to, was having to add 
the heavy keelsons of Liverpool to what they looked upon as the 
unnecessary weight of plating, floors, &c., of Lloyd's. 

Mr. Price, in reply, begged to say, that there is not " one or two 
per cent." only of difference between his and Mr. Ferguson's weights 
of the 2000 tons vessel ; but on the contrary while Mr. Ferguson says 
that this vessel by the two registries would be of "nearly equal" weight, 
he (Mr. Price) shows a difference of 7^ per cent., and when he spoke of 
corrosion he meant the action that took place on iron between the air 
and water especially, and not by the presence of any deleterious sub- 
stance. He did not mean by corrosion the action of any substance or 
matter which might be held in solution in the bilge water, or the rub- 
bing action of gravel, or stones ; but simply the corrosion arising from 
the affinity of the iron for oxygen. The Orange Grove, alluded to by 
Mr. Ferguson, was one of the vessels built on Lloyd's rules, with a 
heavy floor. He maintained that if the thick floors would not stand, 
then nothing worse could be said of the thin floors; and that where de- 
leterious substances existed in the bilge water decomposition could not 
be prevented, unless some material, such as cement, were used as an 
intercepting medium. He begged to say, that he had gone altogether 
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out of the sphere of speculation — ^he had even not quoted his own 
every day experience, — ^but had referred to facts brought out in experi- 
ments; and therefore he trusted that in the contemplated discussion this 
principle would not be lost sight of. He would like the future discus- 
sion to be somewhat different in that respect from the discussion 
which took place on the paper referred to. 

The Presidemt assured Mr. Price that facts only would weigh in 
the discussion. Mr. Price placed very great stress upon the superior- 
ity of the Liverpool Rules in regard to heavy rivets ; but he appeared 
to lose sight of this — ^that not only the strength of the rivets in the 
butts must be taken into account, but also the rivets in the longitudinal 
seams, because the rivets in the butts could not be torn without the 
seam rivets being torn also, and the united strength of all these rivets 
being greater than the strength of the plates, Lloyd's people would 
naturally turn round and say that the size of rivets prescribed by them 
is ample, and that the thicker plating of their rules gives greater 
strength to the ship. 

Mr. Price said he had. considered that point, and he quite believed 
that there was a mistake in supposing that to be the case, when the 
whole depth of the ship was taken. If a series of strakes were pro* 
duced, with the butts distributed in the usual way as found in vessels, 
and the strain caused, or supposed to pass, through the whole depth, 
they would find that the line of fracture resolved itself into the weakest 
part of the solid plate and through the butts. It was, therefore, a 
question as to whether the extra thickness of the Lloyd's plate was 
equal to the extra strength of the Liverpool butt. He did not think 
that the Liverpool vessel would suffer by a comparison. 

The President said that in the paper Mr. Price stated that he had 
found in the Liverpool butt 25 per cent, greater strength ; but he did 
not think that therefore the side of the ship was stronger. 

Mr. Price replied that the only place where he claimed that 25 
per cent, without any drawback, was where the butt ran across the 
whole breadth of the plate, and where all the advantage could be 
claimed, as in the case of the beam stringer. 
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The President said tliat according to the Liverpool rules, the web 
of the centre keelson was a doable plate ; and it was assamed that 
because the butt was covered by a solid plate, there was greater 
strength. But the solid plate was perforated like a butt-strap for the 
plate on the opposite side, and therefore he did not think there was 
the superiority in the Liverpool keelson which Mr. Ferguson had 
admitted. 

Mr. Price responded, that the plates forming the keelson were 
from 10 to 12 feet long, and there were from 5 to 6 feet between the 
butts themselves. This distance, therefore, enabled them to count 
three nearly solid plates opposite each butt, without reckoning angles, 
say the butt of the centre web; there was a solid plate on the top, 
and also a solid plate on the bottom ; then although the second 
plate forming the web was perforated to accommodate the butt strip 
also put on there, they had its remaining solid section to take into 
account. That was the least estimate of the strength at that point, 
whereas Lloyd's keelson has in wake of its butts only the top and 
bottom angles, and only a single butt strip on one side of centre web. 

Mr. W. M. Neilson said he believed the object of the paper read 
by Mr. Ferguson was to try and obviate the difficulty of building ships 
to class in the two registries — and to get the superfluous expense in 
adapting a ship to class in both registries done away with. He 
presumed that if all could agree upon one arrangement or class of 
details, and put their weight upon it, they would get a compromise 
between the two registries, which was a thing to be desired. 

Mr. Price replied that that certainly was not the object in view in 
the discussion. Mr. Barber said "he had gone very carefully into 
Lloyd's and the Liverpool rules, and also into Mr. Ferguson's paper, 
and he could come to no other conclusion than that the committee of 
Lloyd's register had acted wisely in adopting tonnage as the standard 
by which the scantlings of iron ships should be regulated." The fact 
was, that the Association had, during the discussion, left the main 
issue, and those who will read the paper itself will find other questions 
propounded in it of an entirely different character. 
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Mr. Ferguson said the object of his paper was to get the best 
qualities out of each of the rules, and get them formed into one code of 
laws. His intention was not to condemn the Liverpool rules, but to 
get their good keelsons, and any other good points, and combine 
the excellencies in both registries. 

The discussion was then postponed till the January meeting. 



The discussion on Mr. Price's paper was resumed on 30th January, 
1867. The following remarks by Mr. George Barber were, in his 
absence, read: — 

After having carefully read Mr. Price's paper, and keeping in mind 
the results of nearly two more years' experience and daily examination 
of new and old, sound and damaged iron ships, I see no reason for 
altering or modifying the opinions which I expressed, and which Mr. 
Price has referred to. 

I am afraid that Mr. Price regarded Mr. Ferguson's paper as an 
attach upon the Liverpool Rules. I can safely say that it was not so 
regarded by the Shipbuilders' Association before whom it was read, 
and that it was not discussed in a spirit of enmity or opposition. 

I am still of opinion that the /orm of a vessel should be taken into 
consideration when determining the size, amount, and mode of distri- 
bution of material to be used in its construction; that the weight of 
hull should be proportional to the load displacement; and that, as the 
new measurement tonnage, when looked at with the principal dimen- 
sions, is a correct index both of a vessel's form and of her load dis- 
placement, a table of scantlings based on such tonnage must be more 
satisfactory and efiBcient for general purposes and practice than one 
based upon principal dimensions alone. If, on analysing and tabulat- 
ing the dimensions of the different classes of vessels in the mercantile 
marine, it be found that certain dimensions or proportions invariably 
produce a certain tonnage, and, consequently, a certam and universal 



Digitized by VjOOQIC 



64 On LhySi and the Liverpool Rules, 

type or form of yessel, it is immaterial whether the standard for scant- 
ling be dimensions or tonnage. It will be a distinction without a dif- 
ference. Bnt this will not be found to be the case. On the contrary, 
it is well known that every variety of form, from a parallelopipedon to 
a prism, may, even in ships and steamers, be contained under the same 
principal dimensions. Now, it was for the especial purpose of taking 
cognisance of these varieties of form, as also of including all parts of 
a ship which might be " gorged with cargo," tliat the new measure- 
ment tonnage was introduced, and Mr. Price is mistaken when he sup- 
poses that a vessel of 800 tons may be " inflated at the ends'* until she 
becomes a vessel of 1200 tons. The " inflated " vessel would be known 
and registered by the greater tonnage, which greater tonnage would 
govern the size and amount of material to be used in her construction. 
In speaking of the "vital parts" of a ship, I presume Mr. Price 
means those parts which, if affected by decay or injury, would most 
readily impair her efficiency or endanger her existence. I am of opin- 
ion that such parts are in most cases below aiid not above the water- 
line. I have not found that the wasting or deterioration of material, 
either extemaDy or internally, or from corrosion, oxidation, or decom- 
position, takes place to the extent stated in the upper plating and top- 
sides, or to the same extent in those parts of a vessel as in the floors 
and plating of the bottom. Partly on this account, and chiefly on 
account of the greater local strength and security afforded at those 
parts where the greatest local injuries are most often sustained, I con- 
sider that a vessel with the stronger floors and thicker bottom plating, 
required by Lloyd's, is likely, other things being equal, to prove more 
serviceable and durable than a vessel with floors and bottom plating 
which Mr. Price admits are " much lighter and weaker." In coming 
to this cohclusion, I am not unmindful of the extra size and weight of 
the Liverpool keelson; but the instances on record, and within my 
own personal knowledge, are many, in which a good substance of gar- 
board strake and good substantial floors have been of more value 
towards the saving of the ship than any extra weight or increased sec- 
tional area of internal stringers and keelsons. The damage sustained 
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by iron ships is in most cases of a local nature, and I do not think a 
single instance can be quoted in which a vessel built in accordance with 
Tjloyd's Rules has proved insufficient or unserviceable from structural 
defect or inherent weakness. These considerations are not always 
taken into account, and it often happens that attention is directed not 
so much to ascertaining what mode of construction will be most ser- 
viceable for the ordinary risks of navigation and purposes of commerce, 
as to ascertaining what amount of force will be necessary to destroy 
a ship if placed in positions in which it is scarcely possible a ship ever 
will be placed; what distribution of material will be most efficient for 
resisting strains which most probably will never be brought into opera- 
tion, and what amount of strength will be necessary to withstand the 
powers of a combination of destructive elements, against which all 
the applications of human skill and ingenuity will and ever must be 
valueless. 

I cannot agree with Mr. Price that inferiority of workmanship must 
be a necessary consequence of the adoption of the thicker plating 
required by Lloyd's. We know that there can be perfection of work- 
manship in the connection of thick garboard strakes to thicker keels, 
and it is, therefore, an unjust reflection upon our shipbuilders to 
maintain that the "soundness of rivetted parts" is dependent upon the 
difference between a ten-sixteenth inch and a twelve-sixteenth inch 
plate. 

The assertion that " lighter plates, in greater breadths and lengths," 
will " be less liable to rupture under pressure from stranding," will 
not, I think, be borne out by any one who has had experience in the 
examination of stranded ships. 

Mr. Price attaches great value, and lays great stress upon the 
increased size and number of rivets in Liverpool classed ships. But, 
while attributing the stated superiority to the closer approximation to 
Fairbairn's experimental results, he does not bring forward any facts 
lo prove that the rivetting prescribed by Lloyd's has proved insuffi- 
cient. If it has proved sufficient, any increase in the number or size 
of perforations ought to be avoided. 
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Mr. Ferguson being unable to be present, 

Mr. Duncan read the following extracts trom a letter he had that 
day received from him: — 

" As I am unable to be present at the discussion on Mr. Price's paper, 
I would like you to take exception to the conclusions that he arrives 
at in his strictures on my paper, viz., "that there was not suflBcient 
data," &c., and " that the data furnished was very incorrect " I sup- 
pose he comes to that conclusion, because the data furnished did not 
agree with the data which he took. 

" He must know very well that a slight deviation in the proportions 
of length, breadth, or depth, Avould alter all his carefully got up tables 
of comparison (the tonnage of the vessel being still the same) ; and 
while I admit that he may be quite correct in t^e deductions from his 
data, I claim the same admission, as I am at liberty to lake any pro- 
portions different from his which I can obtain from the sources pre- 
viously named. 

" As the greatest disparity is shown to be in the scantlings of a 
2000 tons ship, I have again compared the scantlings of a ship of that 
size, taking the proportions of the Agamemnon^ one of the first large 
ships in the Liverpool registry, and make the difference in weight of 
iron to be 2^ per cent, instead of 7^ per cent., as Mr. Price makes it 
from the proportions which he took ; and I think it unfair to select a 
limited number of vessels, and dogmatically to condemn as incorrect, 
all that does not agree with them. I may state that the data which' 
was furnished in my paper was never intended to show any advantage 
to the one set of rules or the other, the object being to give the 
correct differences in so far as I could ascertain them." 

Mr. Duncan said it appeared to him that the questions involved in 
Mr. Ferguson's paper, and the discussion which' followed thereon, had 
been almost entirely lost sight of in Mr. Price's reply. He believed 
the members of the Scottish Shipbuilders' Association generally, 
who took part in the discussion on Mr. Ferguson's paper, did so. 
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without any party spirit whatever, on the merits of both registries, 
and not on the superiority of either. 

In discussing scientific and practical sui)jects, the investigation of 
which constitutes the aim of such Institutions as theirs, party feeling 
should have no place. To discover, select, and apply the best of 
everything for the advantage of their respective^ trades and pro- 
fessions, appeared to him to be the only aim they should have in view 
in their meetings and discussions, and whatever tended to party spirit 
or an assumption of superiority should be discouraged. 

In discussing the merits of Lloyd's and the Liverpool Rules, they 
only assumed the consideration of matters of great relative import- 
ance to themselves as shipbuilders and shipowners. To know which 
was best of any matters they deal in or with, was certainly a legitimate 
part of their business, and it appeared to him that they would be 
wanting in their duty to themselves as shipbuilders and shipowners, 
if they accepted, without question, the dictum of any society on 
matters of so much importance in shipbuilding as the amount, sizes, 
and distribution of the scantlings of the material with which 
they constructed their ships. No society had any right to tell 
them, or any other society categorically, that they were all wrong, 
that the affairs the^ regulate have been properly considered and must 
be accepted as law. He trusted they were still at liberty in this 
country to have an opinion, and to express it courteously, even on 
such matters as Lloyd's and the Liverpool regulations for the con- 
struction of ships, even although they might differ entirely in their 
estimate of those regulations from those who frame and administer 
them. 

He had no intention of following Mr. Price into the minutice of his 
criticism on Mr. Ferguson's paper and the discussion thereon, but 
would content himself with defending himself and those who held with 
him from Mr. Price's strictures on their part of the discussion. 

The sole reason for bringing up and discussing the merits of the 
two registries was, not to make invidious comparisons to the disadvan- 
tage of either, but to endeavour to bring about an assimilation of the 
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scantlings of both, so that a ship built to class in both books should 
not be more expensive to the owner, nor troublesome to the builder, 
in arranging compensations, in the one case for tonnage, and in the 
other for dimensions, than if built to either class singly. This matter 
Mr. Price had entirely passed over in his desire to establish beyond 
question the superiority of the Liverpool rules ; but it is nevertheless 
the stand- point of the whole discussion. What they all objected to, 
he believed, was, that the principles on which the scantlings of the two 
registries are arranged, are fundamentally different; Lloyd's being 
apparently based on experience and tonnage, or form ; the Liverpool 
rules, apparently, on theory and dimensions, irrespective of form. The 
Liverpool regulations he took to be based on the calculations for a 
ship, being analogous to the calculations for a box beam, or girder, 
and subject to similar conditions for strains on the square inch of 
section. 

While he did not question the right of Mr. Price, or any of the 
gentlemen belonging to the Liverpool Association, to hold any opinions, 
or to endeavour to enforce those opinions by legislation, and while he 
had no inclination in a party spirit to assume anything for Lloyd's 
above either, he claimed permission to question the propriety of 
making extreme dimensions the basis for scantlings of ships irrespec- 
tive of the form, the load, or the work a ship had to do. In shore- 
girders the form and the load are always or generally taken into 
consideration, and determine, more or less approximately, the sec- 
tional area of the material of which they are constructed. 

The framers of the Liverpool rules, while satisfied of the correctness 
of the principle of calculation by dimensions, had altogether over- 
looked the considerations of the form and load ; and in determining 
the greater part, if not the whole, of the longitudinal scantlings, by 
length and breadth alone, had virtually adopted Builders' Measure as 
their standard of tonnage, and the fullest possible form a^ the only 
form which it is expedient to build under any circumstances. But, 
(and this was the point on which he differed entirely from the Liver- 
pool regulations,) all ships are not boxes of the same uniform type, and 
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those who held with him would be difficult to persuade, that the form 
and the load were of no moment in determining the scantlings of which 
any ship should be constructed. He had said in a previous paper, 
and in the discussion on Mr. Ferguson's paper, Mr. Barber had 
supported him, and Mr. Price had taken special exception to their 
statement : that on the same principal dimensions he could increase or 
diminish the tonnage and displacement, or deadweight load, one-third, 
without inflating or fining the form beyond that usual for merchant 
ships ; and by Lloyd's rules he received or supplied compensation in 
proportion. 

In making that statement he had reference to Lloyd's rules only. 
By the Liverpool rules it is impossible to increase the tonnage, or 
real or assumed load, for which provision is made, and strictly speak- 
ing therefore, with reference to these rules, he could only say 
^'diminish*' the tonnage and displacement to the same extent, and 
receive no consideration for the diminished work, which the reduced 
form of ship only enables it to do. 

He could not make the ship carry more deadweight than it would 
swim with, and therefore he was fairly entitled to ask that the utmost 
displacement load of his intended ship should be taken into considera- 
tion in apportioning the scantlings to the work ; a consideration which 
any civil engineer would expect or give for any structure to carry weight 
on shore. He might be told that the alteration of the form of the 
ship diminishes the sectional area of the material of the midship section 
to the diminished load. He said never with the same scantlings; 
besides which, there is not necessarily any diminution of the mid 
section to the diminished load, the form of mid section altogether 
depends on the purpose for which the ship is designed; but if the mid 
section be diminished, then according to the Liverpool rules the only 
alteration is in the amount, and not in the scantling, of the bottom 
plating; the floors, bottom keelsons, and hold stringers being still the 
same ; and the topside plating, deck stringers, and ties from which the 
tension of the load had been removed, were unaltered in sectional area 
further than by the altered height of the neutral axis, consequent on 
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the rising of the floor. Now, to treat the Liverpool rules by the 
principles on which they are based, and consider the ship for the time 
as a box beam, the effect of this diminution of the load one-third, or 
any fraction of the maximum, is easily seen by a comparison of the 
moments of the load. With no alteration of the length, or the section, 
and supposing the weights to be equally distributed over each body, 
the moment of stress in each case is exactly proportional to the load 
on the section, multiplied by the distance of the centre of gravity from 
the centre of the beam. For example, A is a rectangular solid or box 
beam of dimensions suitable for a ship similar to those so often quoted 
in this discussion — say 200 x 35 x 23 with a load displacement of 3000 
tons. B is another rectilineal figure inscribed within A, of the same 
dimensions, but having a load of only 2000 tons, or two-thirds of A, 
the alteration of the form and load being effected in the manner usual 
in ships, by cutting off the solids CC from the sides at the extremities, 
for one-third of the length ; then M, the centre of the whole solid, axis 
of rest or suspension, g the distance of centre of gravity of the respec- 
tive solids from the axis M. m, the moment of stress in foot tons on 
each is as follows : — 

^ A^ = 1500 X 50' = 75,000 moment of ^ A. 
i B^ = 1000 X 36-112' = 36,112 „ ^ B. 

2 C^r = 500 X 77-777' = 38,888 „ 2 C. 



Therefore the removal of one-third of the load from the " inflated ends 
which have been gorged with cargo," is equivalent to a removal of 
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fully half the load from the midship section of the finer form, the com- 
parative moments of A and B beinj^ respectively as 75 to 36. 

lie now repeated, " with all conceivable distinctness," the converse 
of what he had stated before. Now, by Llayd*s rules, the/z/er vessel, 
which would have the lesser amount of work to do, would be permitted 
to have the lighter scantling in ])roportion, as any one might see by 
comparing the scantlings on the 800 and 1200 ton lines, or any 
variation of the grades one-third. He did not mean to say that 
liloyd's scantlings were perfect in proportion to the load, but that 
the whole amount of material in the ship was nearly so, he had 
proved in a previous paper. It was possible that the distribution 
of the material might be amended without adding to the total weight ; 
but while the Liverpool rules admit of no reduction of scantlings 
even for so important a diminution of the form and load as one 
half of their calculated maximum, Lloyd's rules acknowledge the 
diminished load by taking tonnage as their standard for scantlings. 
The extreme cargo load, as Mr. Price had correctly stated, wa« 
seldom in excess of once and half the gross register tonnage, to 
which the weight of the ship was added for the load displacement ; 
but as this also (as he had endeavoured to show in another paper), 
was, or might be, in direct ratio to the gross register tonnage, it 
followed that the maximum load on any dimensions, with a given 
register tonnage, could be easily computed; altogether two and a 
quarter times the gross tonnage might usually be taken as the 
gross load ; and if the length and the load, as the principal factors 
in the calculation for strength, could be at all times so easily ob- 
tained, he Faw no reason why the Liverpool rules might not, without 
any violation of their own principles of construction take account 
of the load by the tonnage, and give the ship the benefit of such 
modification of form and relative scantlings on any dimensions, as 
science, judgment, or the exigencies of trade might dictate. It might 
be argued with reason that the actual centre of gravity of the load 
for each modification of form and the exigencies of loading, even on 
the same dimensions, cannot be precisely defined in this manner, far 
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less for the proper work of a ship, but granting the worst probable 
distribution of the stress on the midship section in any case, par- 
ticularly the worst for the finer forms, that the load be equally 
distributed over the length, and in proportion to the length, and 
not to the form, the centre of gravity of each half load, being in the 
middle of each half length, then the moments of stress in all cases 
would be as half the load multiplied by one-fourth of the length, 
expressed by the ordinary formula vi = ^ W L, that is, directly 
proportional to the load, or, as had been shown, its exact equivalent, 
the tonnage ; the calculation was thereby reduced to its lowest terms, 
tonnage and length ; then, given, the same dimensions, the maximum 
sectional area for those dimensions, and the greatest possible load or 
tonnage, every reduction of form or tonnage was entitled to a propor- 
tional reduction of sectional area. 

The formula S = 2 */ m appeared to represent, nearly in accord- 
ance with practice, the amount of sectional area of metal required for 
the midship section in proportion to the dimensions and load ; and if 
they tested the scantlings of both registries by this " standard common 
to both," they might find cases differing considerably in dimensions 
and tonnage, in which both might be right, while the general applica- 
tion of the standard might show both alike imperfect. 

Applying this standard to the figures A and B, taking the moment 
of load for both, at one-fourth of the length, they had the moment of 
half A = 75,000, the square root of which is 274, which, multiplied 
by 2, gives 548 square inches, as half mid sectional area of metal for 
figure A. 

B is also in the same proportion thus — ^moment of ^ B = 50,000, 
the square root of which is 224, which, multiplied by 2, gives 448 
square inches, as half mid sectional area for figure B. 

Now, to test Mr. Price's figures by the same standard, his Table I. 
contains eight vessels of tonnage respectively, as in the first column 
of his and the following Table ; in the last column of both, are given 
the gross areas of half mid section, calculated by Mr. Price; the 
intermediate columns in his (Mr. Duncan's) table show the length, the 
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load, the moment of length and load, and the gross areas of half mid 
section, computed by the formula S = 2 V m. 



No. 


Tonnage 

Regiiter 

under Deck. 


Lmgth. 
Fnt. 


Diflplacement 
Tons. 


w-J W.L- 
moment In 
foot Tone. 


«Vm 8eo. 
tionalArea 
ofHalfBiid 

Section. 

Inohee. 


Liverpool 

and Lloyd'e. 

Section in 

Inchee. 


1 

2 
3 

4 
5 
6 

7 
SS8 


360 

520 

680 

988 

1149 

U44 

1950 

999 


140 

150 
165 
205 
205 
230 
252 
250 


810 
1170 
1580 
2250 
2600 
3250 
4400 
2250 


14,175 
21,937 
31,365 
57,000 
71,500 
93,400 
138,600 
70,000 


238 
296 
354 
477 
535 
612 
744 
531 


(266 
(290 
(314 
1329 
(373 
(410 
(473 
(497 
(506 
(522 
(589 
1629 
J 672 
(722 
(500 
1490 



The three small vessels were also the broadest in proportion to 
their length, and the shortest in proportion to their load. The re* 
sultants of the moments, therefore, show a smaller relative area of 
section than is required bj either Rules, but this only served to show 
that short vessels, in relation to their other dimensions, might be built 
to a lighter grade without having their strength or efiBciency impaired. 
The five large vessels all compared favourably with the standard, 
both classes retaining nearly their relative and comparative values, 
but these were all vessels within the ordinary limits for sailing ships, 
except the last, and in her case only Lloyd's appeared to lose by the 
comparison. 

In the gross section, on the whole, Lloyd's had the excess more 
nearly corresponding with the calculated section; but Mr. Price main- 
tained that the Liverpool Rules had the advantage in distribution; 
that also was open to doubt, as mainly a question of thick plating 
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versus thin. lu six vessels oat of eight in Mr. Price's table, the sums 
of the sectional area^ of the bottom plating and keelsons, and also of 
the two-thirds side with deck stringers, ties, and angles, were respec- 
tivelj greater by Lloyd's than by the Liverpool Rules, so that above 
and below the neatral axis of the side, Lloyd's distribntion was 
comparatively the stronger. In the bottom, compression must first 
act upon the plating, before it can be felt by the keelsons; the out- 
side layers of the flange being necessarily first to feel the strain. 
In the topsides, from the neutral axis upwards, tension must first 
act upon the sheer-strake, stringer angles and plates; and even on 
these the sections respectively do not differ by any appreciable quan- 
tity. Mr. Price lays great stress on the breadth of the stringer plate 
and the additional rivetting. Now, double rivetting, according to 
Dr. Fairbaim, is equal to the solid plate with ordinary thickness; the 
extra rivetting therefore is no advantage for longitudinal strength. 
The breadth of the stringer is a negative benefit for lateral strength 
where the stringer is not an independent beam, but part of the web 
of a skeleton beam, of which the breadth of the deck is equivalent to 
the depth of the beam, and the centre line of the deck its neutral axis, 
the gunwale angle and the sheer-strake, with the outer edge of the 
stringer plate, being the components of the flange. Breadth of stringer 
plate, therefore, so far from increasing the lateral strength of the deck, 
diminishes it, by dissipating the section over the web towards the 
neutral axis, where it is not required. The most efficient skeleton beam, 
as is well known, is not the one in which all the parts are parallel 
lines; diagonal trussing being theoretically, and much more so practi- 
cally, recognised as the strongest construction of the kind, especially so 
is it the case in ships subject to incessant changes in the directions of 
the strain, not longitudinally only, but laterally, when rolling violently, 
as is frequently the case ; or less commonly, but not uncommonly, when 
on their beam ends. It appeared to him, therefore, inadvisable, all 
things considered, in cases where ships are built to class in both 
registries, to impose the maximum special requirements of both ; 
it is in many cases not much advantage to the ship, and an 
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expensive and questionable benefit to the builders and owners. One 
illustration from the same table would suffice. The Wealhirsfidd^ 988 
tons under deck, built by himself, to class in both registries, had scant- 
lings, not exactly in accordance with Mr. Price's table, to either 
registry, or the heavier; but with the benefit of large dimensions and 
a fine fprm, was obliged to have for both the scantlings of a 1300 ton 
ship, and in some respects in excess of the requirements of the ship of 
1444 tons. 



Weathers- 
field, 988^ 
Tons Re- 
gister un-^ 
derDeck. 



Scaatlisgs. 



Liverpool 

Lloyd's 

Actual 



Gross 
plating. 



319-77 
360-48 
357-25 



Bottom 
keelsons. 



Deck 
itringers, 
ties, and 

angles. 



68-18 

60-0 

74-4 



Gross 

area of 

stringers, 

ties, and 

keelsons. 



66-37 
66-57 
79-12 



158-67 
137-07 
165-5 



Cross 
area half 
mid sec. 



473-44 
497-55 
522-75 



Section to 
leneth 
and load, 



"477 



It would thus be seen that in keelsons, stringers, and gross sec- 
tion, the Weathersfield was a fair average of 1 800 tons. For actual 
duty on dimensions and load, with the same breadth, depth, and sec- 
tional area, she might have been built 240 feet long, with greater 
relative strength than the next vessel in the table. That the builders 
were not favoured by any concessions would be evident. It was 
possible that they asked consideration for their large dimensions and 
small tonnage and were refused. He had no desire to bring that 
special case up now as a " grievance." He was satisfied that law upon 
law on contrary principles was always objectionable, however impar- 
tially and judiciously the administrators might do their duty. He 
had felt, and did yet feel, as a builder *' desiring to provide the form 
which he considers best to carry the tonnage required by the owner," 
that with his large dimensions and fine forms for small tonnage, his 
greater length and breadth for speed and stability, in proportion to 
load, he lost commercially, when obliged to build to both Rules, where 
he might save or gain by building hox4s of small dimensions and large 
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tonnage; bat he was satisfied in the meantime that the principles which 
regulate the design of the best forms, would by and bjc regulate their 
scantlings also. 

Mr. BooLDS did not think that the object of then* meedng together 
that night was to decide whether the Liverpool Rules were better 
than Lloyd's, or whether Lloyd's were better than the Liverpool. He 
thought the discussion was intended to help to discover the best scant- 
ling, and to convey to one another the results of their experience, so as 
to enable them to arrive at some conclusion which might tend to im- 
prove the Rules of both registries, and ultimately to benefit the 
mercantile marine of this country. He would h'ke to read an extract 
from the paper of Mr. Price — ^a gentleman whom he esteemed 
very much. He says: — ^^ Experience shows that the most decep- 
tive and destructive form of corrosive action is set up on the top- 
sides, resulting in the dry, hard, deep-coloured oxide, produced by 
a rapid succession of intense changes of the conditions under which 
the surface is placed, and resistive to all but the utmost persuasion 
of force. For these instances, Lloyd's vessels are only provided in 
the cases quoted, with the same plating as the Liverpool vessel — 
on the lower part of the side, on the bilges and bottom, there being 
no more needed from fear of corrosion, and none assumed to be 
necessary to meet any other cause, the plating of the Liverpool 
registry is preserved uniform, and while preservmg all other necessary 
qualities, which will be presently referred to, the work in construction 
is more uniform in closeness and soundness of rivetted parts ; the light- 
ness of the plates also offers facilities for working them better to their 
places, having them in greater breadths or lengths without entail of 
extra cost, advantages more largely experienced in heavy vessels; the 
plates are also less liable to rupture under pressure from stranding, 
and, by experience, are found to be as valuable and durable in view of 
wasting from all causes as is found necessary under such circumstances 
to use." Now, his (Mr Boold's) experience in this matter led him to 
say, that Mr. Price's assumption was not supported by evidence. 
From all the knowledge he had had of vessels, the topsides were not the 
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places where the greatest amount of waste took place. He had foand 
in every-day practice, that the parts most subject to waste was 
between the upper and lower water lines, and in the bottom. He 
maintained that Lloyd's Rules were right in requiring thicker plating 
at the bottom than on the topsides; because the vessel had more work 
to do there, was more subject to accident, and more likely to be injured 
by corrosion, than in the topsides. Moreover, deleterious deposits were 
more easily got at on the topsides than on the bottom, and after every 
voyage she could be scraped and cleaned. In every respect, therefore, 
the topsides might be made of lighter plating, and he thought it was 
the bottom at the midship part of the vessel that should be more 
heavily plated. 

Mr. Darling thought that the experience of all who had had to do 
with steamships, led them to one view of the matter — ^to increase the 
thickness of the plating at the bottom rather than at the topsides. In 
the case of vessels badly loaded, or overloaded, or subject to straining 
at sea, experience always showed that the butts of the bilge and bottom 
plating were the first to open and become leaky, and it was quite un- 
usual to see the butts of the topsides strained; indeed, they were found to 
be much stronger though of diminished substance. He diflTered from 
Mr. Price with regard to the plating of a uniform thickness being 
necessarily the soundest of work, inasmuch as the plating only gradu- 
ated by one-sixteenth of an inch, and he did not think that that could 
in any degree prevent the attainment of sound workmanship in rivet- 
ting. With respect to the rivets — they were also increased in accord - 
ance with the substance of the plating; and he did not think it had 
been proved that the rivetting was the weakest part of a vessel. 
It had been said that though the plates were increased one-sixteenth, 
inasmuch as the rivets were not increased in like proportion, the fabric 
was said not to be strengthened. This is to assume that the rivets 
were the weakest part of the butt. Now, experience led him to the 
opinion that the weakest part of the butt was the plate through the line 
of rivet holes, as it was found the pfcites usually tore there, so that if the 
plating was increased by one-sixteenth of an inch, the structure must 
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be benefitted longitudinally. Also, upon reference to the Liverpool 
rules for registries, he noticed that fourteen-sixteenth rivets are pre- 
scribed for ten-sixteenth and eleven-sixteenth plates, so that if Mr. 
Price's argnment is correct, it would be as well to save the difference 
of weight of the eleven-sixteenths- over the ten-sixteenths. Also, for 
vessels of excessive proportions, it is recommended " to have one strake 
above and one strake below the bilge doubled for half the length amid- 
ships;" but in very flat floored vessels, he had found the butts in the 
flat open and leaking, when nothing has been started at the bilges. 
He was of opinion that it is quite necessary to increase the thickness 
of bottom plating over that of the sides, and any deviation from this 
was a mistake. 

Mr. Pkice said the Liverpoool Committee did not make any add- 
ition to thickness of plating for length merely. 

Mr. Darling said that in the case quoted for illustration, with 
respect to the Liverpool stringer on deck, it was stated to be five 
inches broader and one-sixteenth thinner than required for a similar 
ship by Lloyd's Rules, thereby gaining one- third lateral strength; but 
he was at a loss to know how by the increase of five inches in breadth, 
and a decrease of one-sixteenth in thickness, the power to resist lateral 
pressure was increased by one-third. With respect to deck stringer 
and ties, he was of opinion that the arrangement of the thicker gunwale 
plate, assisted by diagonals on the beams placed all fore and aft, ensured 
a more uniform strength than would be obtained by merely increasing 
the gunwale plate in width. The beams having a considerable amount 
of round up, and being supported by iron pillars to each, the effect of 
so trussing them was to assist in a longitudinal strain both the bottom 
and the line of deck. Then if the stringer was so much increased in 
strength by being made broader and thinner, as was asserted by Mr. 
Price, where was the limit to this alleged increase? There could be none. 

Mr. BooLDS asked whether in Mr. Price's experience he had seen 
as many topsides as bottoms taken out of ships. He (Mr. Boolds) had 
seen a great many bottoms taken out, but never a topside ; and hence 
he agreed that the thicker bottom was necessary. 
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Mr. Price said he knew that the only plates taken ont of the 
Richard Cobden were at the far end of the topsides, immediately under- 
neath the forecastle. That was after she was 20 years' old. Tlie 
experiencp of Mr. Luke was — •" He had examined the Prince of Wales 
and found scarcely any diminution in the thickness of th^plates, from 
wear or corrosion." And the late Mr. Robertson of this port corro- 
borated him. Now, he thought that was quite satisfactory, that for 
a very long period neither bottom nor topsides deteriorated if they 
received attention. But the most serious cases had been topsides, and 
especially in steamers in the wake of the coal-bunkers, which are 
exposed to the vapour from the bilge water, and also from the coals, 
which tended to the deterioration of the plates. His experience went in 
favour of the opinion that the topsides were more quickly deteriorated 
than the bottom of a vessel. He had never seen the bottom plating of 
one vessel removed from simple corrosion or rust. He knew that the 
bottoms of some vessels had been taken out, but these were very few. 
A vessel was referred to at last meeting which had had her plates very 
much destroyed ; but that was altogether irrespective of thick plating 
or floors, and it could be met by the use of cement, — a system of pre- 
servation to which owners could resort. 

Mr. BooLDS repeated his question, as to whether Mr. Price would 
put heavier topsides than bottom on a ship of his own. 

The President said that of course Mr. Price would answer that he 
would put the plates of uniform thickness throughout. He (the Presi- 
dent) understood Mr. Boolds to say that he had never seen the topsides 
of a ship taken out. 

Mr. Boolds replied that he had never known the topsides of ships 
taken out for corrosion or wasting. 

The President asked whether Mr. Price had so seen the topside 
plating of a vessel removed. 

Mr. Price said that he had seen an instance of a great amount of 
corrosion or waste in the coal-bunkers, and extending to the topsides. 

The President inquired whether the topsides would have been 
deteriorated so much had they been painted. 
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Mr. Darling said that paint and cleanliness were donbtlesB good 
preservatiyes. He had seen topsides badly corroded, but their de- 
terioration had been caused either from bad constraction or neglect. 
In the earlier constructed iron ships, the frame bars or wood 
stanchions were run through the gunwale plates. Now, with this 
arrangement it was very difficult to construct tight gunwales, and from 
continuous leakage at that part, and the 'tween decks being closely 
ceiled, as was then usual, the leakage was not obseryed. With respect 
to the yessel referred to, the Richard Cobden, from the extreme fine- 
ness of the bottom, it might almost be called a continuation of the 
topsides from haying so great a rise of floor ; hence any accumulation 
of bilge-water had no opportunity to be thrown about. It was 
the rolling motion of the ship that caused the waste of floors and 
bottom plating of a yessel at sea. Another cause was chemical 
action. He knew of a yessel engaged in the sugar trade which 
had new floors in 1853, and was in dock again the following year, 
when it was found that her floors were again wasted through, proying 
that unless the bottom was preseryed by cement it quickly gaye way. 
He thought that floors should be made heayier at the centre than 
in the ends of the yessel. Although cement had done good, yet it 
had not benefitted the floors, as it only eleyated the bilge-water, 
and brought it nearer to the floor. The principal reason for reduc- 
ing the floors at the ends of the yessel for a fourth of her length 
was, the great reduction on the length of the floor itself ; also, that 
the form of the ship was much ^' fined" from the midship section, and 
upon taking the ground had not to perform the same work as a midship 
floor. 

Mr. Price said, in reference to what he had been asked, he wished 
it to be understood that he was of opinion that the corrosiye action 
was more actiye at the topsides than at the bottom. What had been 
said about cement only showed that the cement had not been carried 
up so far as it should be. There was a yessel in Liyerpool with a 
seyen-sixteenths bottom. She was 14 years old, and Lloyd's Com- 
mittee would, by their present tables, require her bottom to be tweWe- 
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sixteenths. Now, she had been drilled all over, and she was not found 
to have sustained any depreciation in the thickness of her plating. 
When he found a vessel 20 years old all sound in the bottom, but 
diminished in the topsides as in cases quoted, they would be almost 
prepared for him advising stronger topsides than bottom. 

Mr. Daklikg said that by reference to the diagram on the wall, it 
would be observed that the frames of the Richard Cobden were turned in 
a rounded form at the gunwale, and united to the beam, thus leaving the 
gunwale plate and sheer strake wholly unsupported, either with frame 
or beam, and the vessel also fitted with a gutter waterway. With such 
an arrangement he could easily understand that such a gunwale might 
be very leaky, as the combination was certainly bad, and this might 
account for how in this instance a greater amount of corrosion and 
waste had taken place than usual. 

The President inquired whether the thinning of the bottoms had 
been known to cause leakage? 

Mr. Price replied that it had not. 

Mr. BooLDS said it appeared there was no diminution made at the 
end of a ship in floor plates. Now, he would ask Mr. Price's opinion 
whether floor plates should be thicker in the end of a ship than in mid- 
ships, or whether he thought they should be all the same thickness? 
Mr. Price seemed to think they should be thicker in the ends. His 
own opinion was, that the strongest plates should be in midships. He 
believed that Mr. Price's experience would prove that it was not 
in the end of the vessel where the plates first gave way, but it was 
the midship floors that were most wasted, such as under the bed of a 
steam-engine, or coal-bunkers, where they were most apt to waste 
away. He should like to have that matter explained. 

Mr. Price said his views were fully explained in his paper. 

Mr. Day said it appeared a great many ships were kept at sea without 
being painted. In such cases, corrosion would take place both above and 
below the water-line, and he would like to know whether the external 
corrosion above was greater than what took place below water. He 
should be inclined to believe that in such a case the corrosion above 

L 



Digitized by VjOOQ IC 



82 On LhytTs and ifie Liverpool Rules^ 

water would be by far the more active of the two, and under the 
condition of bare plates externally, he considered that the external 
corrosion would be even more rapid than the alleged internal corrosion 
at the bunkers; under such circumstances, it would be natural to find 
the plates thinned from the exterior inwards, far more than from the 
interior outwards. Mr. Price maintaine4 that by far the larger pro- 
portion of steam-ships become deteriorated by corrosion of the 
topsides, and it was evident enough to an eye trained in observing the 
wear and tear of structures, that a large amount of wear was imposed 
upon the inner sides of the coal-bunkers. He would therefore wish to 
ascertain if, after the iron had become rubbed bare, any precaution 
was taken to prevent corrosion by keeping the iron well painted over 
with paint* If it was clear that the deterioration by corrosion at 
these points took place from their being allowed to remain bare, it 
pointed to a very easy remedy. He also wished to ascertain if the 
experience of the members of the Institution had been that any 
corrosion took place at the topsides of the hull, towards either end of 
the ship beyond the bunkers, and if so, if it was equal in degree to 
that which took place within the bunkers themselves. He further felt 
it desirable to ascertain if a similar corrosion took place in corres- 
ponding parts of the hulls of sailing vessels in contradistinction to 
steam-ships ; if so, was it as rapid in the former as it appeared to be 
in the latter. 

Mr. Pkice believed that if any external loss from corrosion took 
place, it was on the bottom. But he did not admit that there was 
any estimable corrosion on the bottom, when ships were ordinarily well 
treated. He could give instances where he believed that, if there was 
any loss at all it was internal. The topsides of the ship were usually 
well painted outside, and hence no serious corrosion could take place 
there. 

Mr. Darling said that with regard to external oxidation, his 
experience showed that there was a greater amount between light and 
load line than anywhere else, in ships that had been neglected, and 
oxidation allowed to accumulate. If they referred to any of the men in 
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the habit of getting their living by such work as scraping, he was of 
opinion that they would as readily undertake to scrape the whole of 
the bottom as to ^' beat" or cnt off the oxidation in the part referred 
to, as they would be enabled to do it in less time. Mr. Price says: — 
'^ In reference to these reductions, oxidation is again pleaded as a bar; 
but if a bar at the middle, why not at the ends of a vessel where it is 
patent that there is greater foulness, more dirt, and all that tends to 
promote oxidation than in the middle of a vessel, which may be 
cleansed more easily and freely, and which is generally therefore better 
attended to in this respect than the ends are/' With respect to the 
greater probability of waste and corrosion at the ends, as still asserted 
by Mr. Price, the ballast of a ship was usually carried in about two- 
thirds of her midship length, and he was at a loss to understand 
where all the extra dirt must have come from in the ends to do all the 
contemplated damage. The ends of the vessel being so much finer 
than the midship body, if such an accumulation did take place it could 
do but little harm, as it never got an opportunity of rolling or being 
moved as in midships. Just now, he had a vessel under repair where 
the whole of the midship floors were so much wasted as to require 
removal, but at the ends they were found to be but little wasted. 

Mr. Price said with reference to the form of the vessel, about 
which Mr. Duncan had asked a question, and to which Mr. Barber 
had also referred, he thought that in the instances of vessels with 
fine ends, Lloyd's provisions did not sufficiently keep it in view ; and 
he thought that the Liverpool rules might provide a little more for it. 
In the late revision of scantling by the Liverpool Registry, vessels 
over twelve depths had had their main deck stringers reduced in 
breadth and thickness, so that they had the same proportionate size 
at the ends as for vessels of shorter dimensions. Mr. Barber also 
stated that he knew of no instance where Lloyd's vessels were at 
fault. Nor did he ; and he did not think it necessary to show up any 
case. This was surely an argument in favour of the Liverpool Rules, 
for if the Lloyd's vessels lasted at present, by making the Liverpool 
vessels a little lighter they also had the scantling arranged far better 
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and much better fastened; and therefore, the presumption was in 
fayonr of the Liverpool ship lasting as well as that of Lloyd's. The 
Shipping Gazette, a day or two back, pat the same question. As to 
what had been said regarding floors, he gave the following statement 
of the proportions in which the floors of the 360, 560, 700, 998, 1149, 
1444, and 1950 vessels stand as to thickness to the thickness due to 
their depth, taking the proportions of depth and thickness of the 
smallest as a criterion, viz. : — 

The floor of the 860 tons vessel is 17x {^ 

„ ,. 550 „ 19x^ proportionate thickness, ^ 

„ 700 „ 21xft „ „ ^ 
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1950 




2-54 
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16-78 -j- 7 = 2*39 ; being mean 
proportion of thickness to depth, using the thickness in 16ths as a 
divisor to the depth in inches. 

Showing, by the second statement, that the thicknesses assigned by 
Lloyd's are in the 1st, 2d, and 5th, in exact proportion to their depths, 
the 7th a little below, and the 3d, 4th, and 6th a trifle above that pro- 
portion. This is also borne out by the first statement above. While 
this shows a proportionate relation between depth and thickness in all 
the grades, it also shows that the additions to the thickness are 
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demanded by the increased depths and that if there was no margin 
provided against corrosive action, in the seven-sixteenths floor, there 
has been none acquired in the heavier ones; but, on the contrary, 
a small loss on the largest vessel's floor, which is also the deepest 
floor. 

By a like comparison of the Liverpool floors for similar vessels, 
a similar proportion of thickness to depth in the successive grades 
will be observed, the mean of the whole of which is 2*63; while the 
highest and lowest instances show a closer relation to each other than 
do Lloyd's, proving them to be more consistent or proportionate 
additions. 

The means stand to each other there — 

As 2-63 : 2*39 = to a difference of -23 = 10 % nearly. This repre- 
sents the difference between the provisions of Lloyd's and the Liver- 
pool Boles in the vessels he had taken, and represents the margin 
between the two registries which some members had credited Lloyd's 
with, as eiyoyed by that registry, in view of corrosive action; but it 
must be borne in mind that the Liverpool floor is generally as strong, 
and in cases stronger, taking depth and thickness together for this 
purpose, as explained at page 8 of his paper, and then it would be found 
that the Liverpool floor had also a margin in its strength, as compared 
with Lloyd's, which fully balances the difference in the thickness of the 
two floors. 

One floor is therefore as much liable to loss of strength by any loss 
by corrosion — acting on both floors alike — as the other, and vice versa^ 
one floor (the Liverpool), is at least as valuable for all purposes, 
except that it has less actual strength at the centre line, as the other 
(Lloyd's.) 

These remarks will apply to the grades above and below those cited 
in my paper. 

The following remarks, based on the practice both of the Liverpool 
and Lloyd's registries, may be considered pertinent to this question, 
viz.: — ^If a 17 X iV ^oo^ can be guaranteed to fi^ or 20 years' grade, 
as in the case of the Oi-ange Grove^ with impunity, in the face of corro- 
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sive action, then for deeper floors it mast only be necessary to add to 
the thickness in order to preserve its relation to depth for the sake of 
strength, otherwise the thickness for the grades, equal to the ravages 
of corrosion, should be stated, if thoy can be stated, and it shoald be 
the minimum for the small vessels, whose floor for strength only would 
require a less thickness. Can this be done? Who can. do more than 
provide for strength and protect the provision from all insidious 
agencies that would impair it? This the Liverpool Rules do, as they 
make cementing imperative, and until Lloyd's take a similar step they 
will only be contriving vessels in many other respects inferior to the 
vessels by the Liverpool Rules, but in this not only less durable but 
unsafe. 

Both registries provide for floors of less thickness than the 
thinnest I have quoted in the paper. 

At the limit at which Lloyd's begin to quote in Table G for 
thicknesses of floors, the thicknesses by both registries agree. 

Beyond eleven-sixteenths the Liverpool Rules do not go. Their 
keelsons are much heavier than Lloyd's, and this limit of floor thick- 
ness is just one-sixteenth below the highest limit of Lloyd's. 

Now, there was a remark the President made at the last meeting as 
to the relative efficiency of the two systems of rivets, regarding which 
he had prepared the drawing (Plate Y., fig. 16), to show that what he 
(Mr. Price) had said was correct. 

Fig. 16 is intended to illustrate the lines of probable fracture in the 
side of such a vessel as the Coimbatore. These are indicated by the 
irregular lines A B C D, which pass first, in the case of B, through 
solid plating and the seam holes; in the case of A, through the solid 
plates and the seam and frame rivet holes; and in the cases of C and 
D, through solid plates in the line of frame rivet holes and the butts 
of the plating alternately. 

The areas through the several lines being for A 128-41 sq. inches. 

for B 137-39 
for C 120-937 „ 
for D 121-668 „ 
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which stand as 
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•885 
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or, in other words, B is the strongest line, and therefore least liable to 
fracture. C is the weakest line, bemg 12 per cent, less than B, and 
therefore, other things being eqaal, is the most liable to fracture. 

D is the next weakest line, being 11^ per cent, less than B, and 
therefore is liable to fracture next after C; while A is the second 
strongest, being 6 J per cent, only less than B, and therefore less liable 
to fracture than the lines and D. 

As the lines C and D pass only alternately through the solid plate 
and the butts, it follows that whatever advantage is gained in the 
butts, may fairly be calculated as a clear gain to the Liverpool vessel. 
This is all the more apparent when it is considered that the plating of 
this vessel, by both registries, is to within a short distance of the 
neutral axis, of identical thickness. What has been claimed for the 
Liverpool advantages gained by superior arrangements as to rivets 
and rivetting, it will be seen has not been over stated. 

In Fig. 16, the rivetting and rivets in the seams are according to 
Liverpool spacing and diameter. If the Lloyd's arrangement had 
been adopted in the seams, the Lines G and D would be still less than 
B. 

He believed that the days of sailing vessels were numbered, and 
therefore he had set himself to inquire how many steamers were built 
on the various classification grades of Lloyd's, which he had tabulated 
as follows: — 

Table (A) showing 1st, The number of steamers and amount of their 
tonnage, classed in Lloyd's Register, under the several grades, 
Jl^ Jii and ^ in the years 1864 and 1865. 

2d, The proportions which the number of vessels and amount of 
their tonnage, classed under each grade,, bear to the whole for each 
year. 
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dd, The proportions which the totals, under each grade, of steamers 
and tonnage for both years, bear to the whole for both years. 



Proportiona to 
whole classed 
in 1864. 




Kk 


Ab 


Ac 


Totals. 


Year. 


Ve«Ml8. 


TonB. 


Vessels. 


Tods. 


Vessels. 


Tons. 


Vesls 


Tons. 


1864 

\ 


17 

•16 = 
16^Ct. 


16,087 

•2=. 

20^Ct. 


73 
•64 = 
64fCt. 


47,891 

•61= 

61^Ct. 


23 

•2 = 

20fCt. 


13,948 
•178 = 


113 


77.926 


Proportions to 
whole clasBed 
in 1865. 


1865 

\ 

\ 


22 

•15n 

16fCt. 


19,397 

•2 = 

20^Ct. 


99 

•67 = 
64^t. 


59,791 

•62 = 

61 4i> Ct. 


27 

•18 = 
ISi^Ct. 


16,929 
•176 = 
17i^C 


148 


96,127 


Proportion in 
which the totals 
tinder each 
grade for both 
years bear to the 
whole tonnage, 
&c., for both yrs. 


Totata. 


89 

•15 = 
15^Ct. 


35,484 

•2 = 
20^Ct. 


172 

•66 = 
6«^P'Ct. 


107,682 

•61 = 
61 '^ Ct. 


50 

•19 = 
I9^t. 


30,887 

•177 = 
17J^C 


261 


174,058 



In 1864, there was within a fraction, 4^ times more steam vessels, 
and 3^ times more tonnage built nnder Ab than under Aa, and there 
was 5^ times more tonnage, and 3^ times more vessels built under the 
Ab than under the Ac grade. At the same time there was one-third 
more vessels built under the Ac than under the Aa grade, although the 
tonnage under the latter grade was one-seventh more than under Ac. 

In 1865, there was over 4^ times more steam vessels, and over three 
times more tonnage built under Ab than' under Aa; and there was 
four times as many vessels, within a fraction, and more than 3^ times 
as much tonnage built under Ab than under Ac. At the same 
time, there were one-fifth more vessels built under Ac than under Aa, 
though the tonnage under Aa was about one -eighth more than under 
Ac* 

* Of the 196 Ab vessels, classed in Lloyd's np to the present time in 
tlieir register, 172 were bnilt in 1864 and 1865 ; and of the 65 Ao, 50 were built 
in the same period. 
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Iq 1864 and 1865, only about one-fifth of the whole steam ton- 
nage classed in Lloyd's, in each year, was built on A a ; while in ea<;h 
year about five-eighths of the whole was Ab; and in each year rather 
more than one-sixth was Ac. This shows that for steamers the Ab 
grade is the most used, while the Aa and Ac are about equally 
patronised. 

Aa steamers have topsides and sheer-strake usually equal to the 
Liverpool 20 years' vessel; while the side and bottom are respectively 
1^" and T^" heavier. 

Ab steamers have topsides and sheer-strake one-sixteenth less than 
the Liverpool 20 years' vessel, while the side is of equal thickness and 
the bottom one-sixteenth thicker. 

Ac steamers have top-sides and sheer-strake ■^" Iqss than the 
Liverpool 20 years' vessel; ^" less thickness of side, and equal thick- 
ness of bottom. 

The Liverpool 18 years' and 16 years' grades correspond to the two 
lower Lloyd's grades, with the condition that the Liverpool deck 
stringer must be taken intact for the 18 years', and reduced one-six- 
teenth in thickness only for the 16 years'. 

Steamships may, therefore, be said to be mostly built to Liverpool 
Rules as to plating; while as to rivetting and internal fastenings, 
they are vastly inferior. 

The shipping community thus take Liverpool scantling, as far as 
they can get it under Lloyd's, and at the sacrifice of the elements 
whfch Lloyd's do not provide, but which make the Liverpool provi- 
sions commendable and perfectly safe. 

The following Table B shows farther, that in the two years 
For every vessel of and) ^^^ ^^^ ^^ ^^^^^ ^^^^ 2 Aa. 

over ) 

For every vessel under) ^^^^ ^^ Aa, there were 7 Ab 

1500 and over . > 

For every vessel under. ^^^ ^^ Aa, there were S^Ab, and 24 Ac 
1000 and over . ) * 

M 
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For every Tesselundert ,.qq ^ AA,therewere5 AB,andHAc. 
70C and over . ) 



For every vessel under) 
500 and over . ) 



300 



Aa, there were 4^ Ab, and 1 Ac. 



Table (B) of steam vessels classed in Lloyd's Register in the years 
1864 and 1865, showing their tonnage, and capacities, and the num- 
ber built of each, under the respective grades. 



Tear. 


Srades 

of 
ClMsi 
acatioD 


Tons, 
1500 
and 
orer 


1,000 

and 

under 

1,«00 


700 and 
undra 
1,000. 


500 

and 

under 

700 

2 

19 
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*7 
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300 1 150 

and and 

under' under 

600. 1 300. 


Under 

150 
Tons. 


Total 
on each 
grad*. 


1864^ 
1865 j 


Aa 
Ab 
Ac 

Aa 

Ab 

Ac 


3 

1 


5 
3 



8 

12 




10 

1 

26 

15 


4 
15 
13 

6 
19 
10 


3 
13 

4 

4 

18 
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1 
11 

1 



14 

2 


1 

2 

1 



7 

1 

12 


17 
73 

23 

22 

99 
27 


Total of both^ 
years under f 
each capa- T 
city. ) 




12 


67 


69 


46 


29 
13 


261 


Total 1864. 




4 


32 


25 


20 


4 


i 

113 , 


Total 1865. 




8 


11 


35 


44 


62 

A 


16 


8 


148 



Of the whole 261 vessels classed, 223, or six-sevenths, are below 

* On this grade of toDnage, and that on either side — next highest and lowest — 
it is not an nnusnal thing for the Aa to be awarded to the As, on account of the 
actual gross tonnage turning out less than expected, so nearly are the limits 
approached. 
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the 1000 ton grade, the plating for which on Aa does not inrariably 
exceed Liverpool provisions for 20 years; while that for An and Ac 
generally only corresponds with the Liverpool provisions for 18 and 
16 years' grades. 

The above also shows that As grade has by far the largest nnmber 
of vessels of the sizes suitable for and used in the most important 
trades. 
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Table (C) of eighteen iron vessels of over 12 years* old, built to Liverpool 
dimensions, with thin plating, showing the corresponding proportions 
required by Lloyd's Ru'es for the same vessels. [Lloyd's scantling 
(thicknesB of plating) is on the alternate lines.] 
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• Refers to specud divergence between vessels' aide* and Lloyd's provisions. 
f Refers to special divergence in^or». \ To identical scantling. 
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Mr. Duncan and Mr. Ferguson had both stated that he must not be 
considered infallible in regard to the dimensions he had given, as a little 
alteration in the length of vessels would make considerable difference. 
Now, he knew that very well ; and therefore, he had taken vessels 
known to every Clyde shipbuilder. He had taken three vessels built 
on the Clyde, and three on the East Coast, and had applied the 
Liverpool rules and compared them with those of Lloyd's, and had 
found the advantages stated in his paper. Tie knew that if vessels 
exactly seven breadths and ten depths be taken, different conclusions 
would be come to from what he had stated. These were not ordinary, 
but extreme c^es, and if tables of scantling showed any difference 
at all between ratios of different cases, they would show it there at 
the extremes. Moreover, as Mr. Ferguson said he had taken ordinary 
vessels known to have been classed in both books, he (Mr. Price) 
had taken one of Mr. Ferguson's own vessels, and another built by 
Mr. Duncan, and compared upon them, the scantlings given by the 
the two Registries. He contended that it was unjust both to Lloyd's 
and to the Liverpool Registry to compare them upon vessels at the 
limits of those provisions, which are never built as sailing vessels. He 
would also say, that if they took a Liverpool ship designed to carry 
1000 tons under deck, and Lloyd's ship of 1000 tons gross, includ- 
ing poop, the scantling would be found to differ from the comparisons 
he had made. The cases must be exactly parallel; 1000 tons in 
both cases must refer to gross tonnage, inclusive of the margin 
required for deck-houses, &c., keeping the gross tonnage below the 
1000 tons scale. Thus much for the comparison of the two registries; 
but it should be understood that their scantlings were not designed 
so much lor comparison with each other, as for attaining the same 
or more important ends by different arrangements — a course, he had 
no doubt, the Liverpool Committee felt it desirable to take from their 
extensive experience of iron vessels and their deductions therefrom, in 
relation to the question involved m the whole subject of the strength 
and durability of iron ships. 
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On the Employment of Steel in ShipbuiifUng and Marine Engineering, 

By Mr. George Barber, 
Surveyor to the Board of Trade, London. 



Received 22nd December^ and read 26th December^ 1866. 



The employment of steel in shipbuilding, and in the construction of 
marine engines and boilers, is a subject which is just now occupying 
considerable attention ; and the question having been raised, " Whether 
practically a girder (e.g. the hull of a ship) or steam boilers, or the 
various parts of a steam engine can, for purposes of safety, be made 
lighter if made of steel than they can if made of iron ?" it has occurred 
to me that such a subject might be considered with profit, and discussed 
to good purpose, by the members of this Institution ; for I know that 
many of the members have had experience of the use of steel in ship- 
building, and that many others are able, from practical knowledge, to 
say whether steel possesses any advantages over iron for marine engines 
and boilers. 

The opinions of practical men respecting the use of steel are very 
much at variance, and the results of the experiments which have 
hitherto been conducted have been so widely different from each other 
as to prevent them being solely relied upon in practice. Some boilers 
made of steel have, after a certain period of service, been pronounced 
in better condition than similar boilers, made at the same time, of equal 
strength of iron, and worked under similar circumstances ; and it has 
been stated that steel boilers, in addition to being in a much better 
condition, have, during the working, been more free from scale, and 
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have generated more steam, evaporated more water, and consamed less 
f ael in a given space of time than similar boilers made of iron. Against 
these statements we have others of a less favourable nature, and we 
have the fact that steel boilers made by one of the most eminent 
engineers in the country, had to be taken out of a mail vessel as unser- 
viceable, from defects in the material, after a service of only one year. 
Then, as to cranks and shafts, while some, and perhaps the majority of 
engineers, speak highly of steel shafts, others, and also some managers 
of steam-boat companies, say that, from the results of their own experi- 
ence, they cannot place such reliance upon shafts made of steel as upon 
those made of iron. It may be that those who have expressed the 
latter opinion have not been fortunate in their selection of steel, and 
that the defects which have prejudiced them against it might have 
occurred in iron ; but, with the improvements which are daily taking 
place in its manufacture, defects such a.s have been discovered will soon 
be remedied, and it is certain that as the advantages of the use of steel 
become manifest it will be more largely employed in the construction 
of ships and machinery, though perhaps a longer time may elapse before 
it is considered a suitable material to be generally adopted for marine 
boilers. 

Our experience and information respecting steel-built ships are very 
limited; but, in the hope that other members of the Institution will be 
induced to do the same, I will now state some of the facts which have 
come under my own observation, the conclusions which I have come 
to, and the opinions I have formed upon this important subject. 

1. I have surveyed and passed for a passenger certificate steam 
vessels built of steel which have been less in thickness and weight than 
similar vessels built of iron. These vessels have " River'* and 
"Excursion" Certificates, and the size of the material used in their 
construction is about one-fourth less than it would have been if they 
had been built of iron. 

2. One of these vessels — the Samphire^ Dover Mail Packet, of 183 
tons net register, and 160 nominal horse-power, whilst on her passage 
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from Dover to Calais on the uight of Wednesday, the 13tb December 
last, came into violent collision with the Fanny Buck, an American 
barque of 685 tons, bound from Rotterdam to CardiflF, in ballast. The 
Samphire was struck by the barque on the port bow, and upon a bulk- 
head about 33 feet from the stem, and a portion of the vessel of about 
12 feet in length, and extending from the gunwale down to the gar- 
board strake and inboard, as far as the thick strakes for the windlass, 
was completely crushed, broken, and torn away. I examined both 
vessels shortly after the collision. The stem, thirteen planks of the 
starboard bow, and some of the timbers and inside stringers of the 
barque were broken, and pieces of the plating of the steamer were 
deeply and firmly imbedded in her planks. An examination of the 
framing and plating of the Samphire showed it to be of excellent 
quality. The beams, which are rolled of I form, 4 x 4 x § (with a 
waterway stringer-plate 15 x*5-16 and 6 x 3 x 5-16 angle steel upon 
the upper flange, and a shelf plate 9 x 5-16 with two 6 x 4 x 5-16 
angle steels under the lower flange) were bent at very sudden curves, 
but there was no fracture of the skin of the steel. The frames (which 
are 3 x 2^ x J, and spaced 18 inches apart) had their flanges opened 
out flat in some parts and crushed quite close in other parts without 
showing any crack or flaw, and the plating of the hull and bulkheads 
(5-16" and J" thick) was twisted and bent into all manner of shapes, 
but was not cracked. The vessel is carvel or flush built, and is double 
rivetted throughout ; and, although the shock of the collision was so 
sudden and severe, the rivetting all around and in close proximity to 
the fracture of the hull was quite firm and sound, proving that good 
workmanship had been combined with good material. The plating of 
the bottom and sheer strake of this vessel for a length extending ten 
feet beyond the bulkheads at each end of the engine and boiler space 
is doubled. On making inquiries I ascertained that the material used 
in her construction was described in the specification as " steel iron, of 
the manufacture of Thomas Firth & Sons, of Whittington Works, 
Sheffield, and guaranteed not to break at a tensile strain of 35 tons 
per square inch." Another steel-built vessel of 100 tons net register 
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and 50 n.T., and intended for pleasure traffic along the coast, came 
under my notice In the early part of this summer. On examining this 
vessel before she was launched I could not help remarking to the 
builder that the plating of the bottom was unusually irregular and 
unfair; that the position of every frame could be distinctly seen from 
the outside of the vessel; and that the plating appeared to have buckled 
or sprung in between the frames, giving an undulating appearance, 
anything but pleasing to the eye. The rivetting of the bottom was 
unsatisfactory, and the deck-beams, which were of 6" x 2" x ^" angle 
steel, had the same unfair and irregular appearance as the platmg of 
the bottom. The builder and the foreman in charge of the work 
stated that the framing of the hull was perfectly fair before the platmg 
was commenced, and they attributed the unsatisfactory appearance to 
the difficulty experienced in working the steel. " It is most trouble- 
some and difficult stuff to work, and buckles and flies in all directions. 
As soon as we ply it close to one frame it flies off the next; as soon 
as we get a beam fair in one place it twists in another, and we have 
had no end of trouble with it." It may be that the unfairness of a 
bottom and the sharp angular projections at every frame caused by 
the buckling or springing in of the plates between the frames are not 
detrimental in point of strength, but it occurred to me at the time 
that if thin steel plates cannot be worked without twisting and buck- 
ling, the frames should be spaced more closely together, so as to give 
more stiffness to the plating, and also a better chance of having the 
Hues of the bottom fair and pleasing to the eye, though this would to 
some extent counteract the advantage sought to be gained, in point of 
lightness, by the substitution of steel for iron. In this case the frames 
were 20 inches apart and the plating was 3-16 in. thick. 

3. I have not passed for "Home Trade" or "Foreign" Service 
any vessel which has been built wholly of steel. 

4. I have seen foreign-going vessels built wholly of steel; but, as 
these vessels were intended for a special service and were built at a 
time when rapidity of construction was considered of greater im- 
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portance than a carefal selection o! material or excellence of workman- 
ship, the results, which in some cases were far from satisfactory, did not 
afford a fair criterion for judging of the merits of the material. 

5. No legislative enactments nor departmental regulations goyem or 
define the mode of construction or the size, amount, or description of 
material to be used in the steam and sailing vessels of this country. 
The supervision exercised by Government over vessels engaged in the 
passenger trade is general in its character and is directed chiefly to 
ascertaining that the ship or steamer is suitable and sufficient in every 
respect for the trade or voyage in which it is to be employed ; the 
purveyors being wkolli/ unfettered by detailed rules or regulations, and 
held wkollt/ responsible for all matters to which, by the Acts of Parlia- 
ment, they are required to direct their attention. The rules issued by 
the Committee of Lloyd's Register are, however (whether ships are to 
be classed at Lloyd's or not), taken as a guide by nearly every one 
engaged in, interested in, or consulted with regard to shipbuilding. 
But steel is not at present recognised in those Rules as a material for 
shipbuilding, and its use in the construction of any vessel proposed for 
classification is only permitted after the case has been specially sub- 
mitted to, and carefully considered by the Committee and Chief 
Surveyors of Lloyd's Register. 

6. In river steamers, when a light draught of water and a high rate 
of speed are indispensable, steel may be advantageously employed, for 
such vessels have not to sustain the weight and strains, or wear and 
tear of sea-going ships; and as every part of them may at any time be 
easily got at and examined, internal and external corrosion may be at 
once arrested. 

7. In sea-going vessels the case is different, and I am of opinion that 
the size of material prescribed by Lloyd's Rules, which have been 
modified from time to time and are now considered free from objection, 
should not be diminished until further experience has been gained re- 
specting the efficiency and durability of the material proposed. Steel 
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may possess superior tenacity, but tenacity is not the only property 
required. The whole of the material should work well m the fire, 
should not fail when passed through the rollers, or when receiving at 
the hands of the workmen the sudden twists and curves required in 
shipbuilding, and the plating of the hull should be of sufficient sub- 
stance to withstand the sudden concussion of the waves at the bows 
and sides, the vibration caused at the stern by the motion of the screw 
propeller, accidental blows from contact with ice or floating bodies, 
and the reduction in thickness caused by the friction of the water and 
by external and internal corrosion. Thin plates of steel may, when 
new, be of greater strength than thicker plates of iron ; but, if corro- 
sion goes on at the same rate upon each, the steel plates will, if 
allowed to be much thinner, become unserviceable in a much shorter 
time than those of iron. 

8. In shipbuilding, good workmanship is as important as good 
material. I have found when going through the shipbuilding yards of 
the Mersey, the Clyde, and the Thames, that much greater care is 
required on the part of the workmen in fitting, working, countersink- 
ing, and rivetting steel plates, frames, and beams than in working those 
of iron. I have seen steel plates buckle and fly under the hammer and 
crack during the process of rivetting up. Thin plates of steel will 
not stand countersinking well ; and, if countersunk, there is but little 
substance left for the body of the rivet. When Low-moor rivets have 
been used in a steel-built ship they have been sheared off when the 
vessel has worked in a sea-way; and when steel rivets have been used, 
the heads have been known to fly off when the vessel has bumped 
against a pier-head, or been suddenly' struck by a barge or heavy 
floating body. Greater care and closer supervision are likewise 
necessary in the selection of the material. Brittle plates have found 
and do still sometimes find their way into ironA)\x\\i ships, but the 
danger from this cause seems to be greater when steel is used. It 
may happen that steel plates as brittle as cast-iron will, unintentionally, 
be supplied amongst a quantity which are strong and tough. If one 
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only of sach brittle plates should pass undetected into the hull of a 
ship (say — under the engine-room, where plates have been known to 
crack in a steel-built ship when at sea), it might lead to most serious 
> results, and I think it should be made imperative that not only the 
manufacturers* name, trade-mark, and place of business, but also the 
amount of test sustained should be legibly stamped on every portion of 
metal supplied for shipbuilding. 

9. As great strength and the least possible amount of weight are of 
importance at the upper part of a ship, steel of suitable manufacture, 

and having a sectional area of from '7 to '75 that of iron prescribed 

« 

for similar service may be used with advantage for sheer strakes, and 
for decks, stringers, and tie-plates upon the beams. Its use may also 
be continued with advantage in the construction of masts and yards, 
which have to bear a sj;rain in a known direction, and in which light- 
ness and strength are required together; but, having regard to the 
facts which have come to my own knowledge and under my own 
observation, I should hesitate to recommend, except under carefully 
considered regulations, its adoption for the entire construction of sea- 
going ships. 

10. At the same time I think it is very desirable that experiments 
should be made with a view of ascertaining whether, for shipbuilding 
purposes generally, steel of ordinary or special manufacture and of 
reduced size and weight will, under every variety of circumstance affecting 
its use^ be as trustworthy, serviceable, and durable as iron of the size 
and quality now required by Lloyd's Rules. It is a subject which, 
even in a pecuniary point of view, should recommend itself to the atten- 
tion of shipowners; for if the material be of the increased strength 
stated, and he in all other respects suitable^ there will follow a great 
diminution of weight and consequently of displacement. This will 
render it possible for a small ship to carry the same cargo and go at 
the same speed as a larger one, or the large ship to carry the same 
cargo and go at the same speed with a greatly reduced power, and a 
corresponding reduced weight of machinery and reduced expenditure 
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of fuel, oil, and tallow; and thus, in either case, not only will the first 
cost be considerably less, but there will be a constantly recurring re- 
duction in the current expenses. And if steel machinery and boilers 
should be substituted for iron the advantages will be still greater. 

11. The popular error amongst those who have not professionally 
studied or been practically engaged in shipbuilding, of regarding a 
ship exclusively as a girdei:, and of supposing that the formula adopted 
for determining the strength of the latter should he&ppiiedunconditionalli/ 
to the construction of the former, has led to much mischief and many 
serious mistakes in practice. If a ship were to remain always on shore or 
even in perfectly still water the comparison might hold good, but there 
can be no possible analogy between a girder or beam at rest on shore 
and a ship in motion in a sea-way. No girder or bridge that has yet 
been built would stand the test to which a ship of similar proportions 
and mode of construction would be subjected in a rough sea. The 
notion that a ship should be of equal strength at top and bottom and 
be thinned away to the extent proposed at the ends is erroneous and 
cannot without disadvantage be practically carried out, and we have 
very recently had melancholy and convincing proof that the strengthen- 
ing of the upper part of a ship had better be attained by any of the 
methods known to practical men than by the introduction of box 
girders or waterways which have been so persistently advocated. The 
formula used for bodies in susjyermon will not apply to bodies in Jlota- 
tion. Here is a simple practical illustration. An outrigger wager 
skiff 30 feet long, 10 inches broad, 5 inches deep, not much thicker 
tnau a band-box, and weighing 30 lbs., will carry a man six times its 
weight with a violent motion through the water, at the rate of 10 miles 
an hour; but lift the skiff out of the water, suspend it or support it at 
both ends, and, if the man keeps his seat, it will break in two. In the 
case of a beam or girder on shore the weight to be sustained is accor^ 
ately known beforehand, the load is uniformly distributed, and the 
strains are constant quantities and gradually applied. But, in a ship, 
the weight carried is a varying quantity, the load is unevenly distributed, 



Digitized by VjOOQ IC 



in Shipbuilding and Marine J^ngineerintj, 1 03 

and the strains are not only snddenlj applied, but vary in amount and 
direction every time the ship alters her position, which alteration in posi- 
tion involves also a change in tlie position of the whole of the material 
of which the ship is composed. Again, girders and beams are of a 
recognised and similar form, but the forms of ships have to be adapted 
to the services on which they are to be employed, and vary according 
to the tastes and opinions of the owners or builders. A ship, too, in 
addition to having a form adapted for speed, and having arrangements 
for cargo, for comfort, and for ventilation, should possess sea-worthy 
properties, should be able to carry her load with an easy motion even 
under all varieties of trim, and should have the means of releasing her- 
self speedily from any body of water which may be shipped suddenly 
upon her decks. None of these conditions are required in a shore 
girder or beam, and a ship can with no more propriety be called a 
girder than a girder can be called a ship. Let a girder be a girder, 
and the size and amount of material to be used in its construction with 
its mode of distribution be made the subject of direct scientific calcu- 
lation; but let a ship renuiia a ship and its construction be governed 
by rules based upon scientific investigation combined with the carefully 
considered results of every day experience, and we shall not have to 
look upon such unserviceable and unprofitable productions as have 
sometimes come under our notice. 

12. I have carefully considered the subject in all its bearings, and 
have applied to it all the facts relating to steel and steel-built ships 
which have come within my own knowledge and observation, and I am 
of opinion that steel of suitable manufacture may be used of less size 
and weight than iron for the purposes stated in paragraphs numbered 
6 and' 9 in this paper, and that it may be adopted for the entire con- 
struction of sea-going ships as soon as it has been ascertained by care- 
fully and impartially conducted experiments and well-directed observa- 
tions, that, with a reduced size and weight, it possesses all the pro- 
perties, and will eflSciently fulfil all the conditions which, under the 
existing Regulations of Lloyd's, the Admiralty, and the Liverpool 
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Underwriters are required of the material at present in use. But you 
have, as Members of your Institution, representatives of cast, puddled, 
hematite, Firth's, Bessemer, and Mersey steel, and you have also good 
practical shipbuilders and eminent engineers, — all of whom will, I hope, 
take up the points to which I have adverted in this paper, and unre- 
servedly state their opinions and experience upon a subject which 
is really of great importance to the shipowning, shipbuilding, and 
engineering interests of this country. 

In conclusion, I am aware that I have expressed opinions which are 
opposed to those now commonly entertained by Engineers, but I am. on 
this account, the more willing to have them submitted to the criticism of 
the Institution, and to abide by its verdict. Dr Fairbaim, at page 47 
of his recent work on Iron Shipbuilding, tells us positively that '' the 
strains in a ship and a monstrous tubular girder are analogous,''* but 
when Mr. Tate comes to the mathematical investigation of the subject, 
he tells us candidly, at page 276 of the same work, that "the strains on a 
ship are somewhat different from the strains on an ordinary fixed girder." 
Here are two opinions of equal value in the same work, and yet it is 
strange that the fonner should be readily accepted and constantly, 
though, perhaps, often inconsiderately repeated, while the latter is left 
untouched or never acknowledged. A gain, in a chapter in the same work, 
on Composite Shipbuilding, we are told that "the system is not an eligible 
one, and for sea-going ships is utterly at variance with sound principles 
of construction ;*' that " any combination, however well executed, is not 
calculated to ensure the requisite strength for sea-going vessels subject 
to severe strains;" that, "on the contrary, it appears ohvioxis that a vessel 
constructed with iron frames and wood sheathing is a decidedly weak 
and unsatisfactory structure;" and that, " for large ships intended to 
navigate the open sea, the construction cannot be recommended either 
on the score of economy or safety." These opinions and conclusions 
are formed upon the results obtained from one miniature experiment 
which is published in the same chapter. Bnt of what value are either 
the results of the experiment or the conclusions therefrom when we find 
that the wood which we may say is the only wood used for composite 
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ships, and which is in every respect the most suitable for the purpose, 
was altogether omitted \ that the experiment was conducted upon an 
inappropriate "platform" imperfectly constructed of "red pine;" that 
the description and wood-cut illustratiye of this experimental platform 
prove that its mode of construction was not at all in accord- 
ance with that of composite ships, or with the ordinary prin- 
ciples and practice observed in shipbuilding ; that although we 
are told in sections 3 and 4 that " red deal or pine is the timber chiefly 
employed," and that " it is probably the heat timber for sheathing in 
combination with iron frames" we know that not only is red deal or 
pine never used, but that no shipbuilder would ever dream of planking 
a composite ship with such unsmtable material; that the number of sea- 
going ships of 2130 tons and under built on this principle has increased 
from three in 1862 to respectively 9, 18, 40, and 40 in the following 
years; and that the shipowners who have put the principle to the 
most severe test, and who ought to be the best judges of the value 
and suitability of the article on which they depend so much for success, 
have not only not lost confidence in it, but continue to give orders for 
the same description of vessel? On the 11th September last I made 
a careful and searching examination in dry dock of the composite 
clipper Ariel^ of 853 tons. This ship was one of the nine en- 
gaged in the exciting race home from China. She left Foo-chow- 
foo with the Taeping, another composite clipper of 767 tons, on 
the 30th May ; lost sight of her opponent for 70 days; then picked 
her up off the Lizard; and, with every stitch of canvas set, had 
a neck-and-neck race with her up the channel, both ships arriving in 
the Thames on the 7th September, after having accomplished a voyage 
of upwards of 16,000 miles in 99 days. Without going into the de- 
tails of an examination which was full of interest, I may state that 
although the ship must have been subjected in the most intensified 
degree to all the strains which act with the greatest severity upon 
ships engaged in such a contest, not one of the results or symptoms 
which would have been expected from a perusal of the chapter above 
referred to was discovered, and that the ship and every part of her 
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were as firm, sound, and perfect as on the day she left her bnilder's 
hands. I have made this di^ession for the purpose of showing that 
the statements, opinions, and conclusions of modem writers must not 
be accepted or acted upon without having been first carefully con- 
sidered and tested; that the teachings of modem theory and the results 
of miniature experiments are of little practical value unless they accord 
with, and are confirmed by, the facts brought to light in every day 
practice; and that, so long as shipowners remain alive to their interests 
and the Committee of Lloyd's Register continue a progressive policy, 
and an efficient supervision, shipbuilding and its improvement may 
safely be left in the hands of those engaged in the business, who have 
a thorough knowledge and experience of the subject, and whose success 
and reputation wholly depend upon their turning out of hand ships 
which shall be in every respect sufficient and safe for the legitimate 
purposes of navigation, and suitable and profitable for the trades or 
services in which such ships are to be respectively employed. 

In the subsequent discussion, 

Mr. John Ferguson said he had seen one of the few sailing-ships 
that had yet been made wholly of steel, while she was undergoing 
repair. During the hurricane at Calcutta, this ship got a great deal 
of damage, and paragraphs went the round of the papers praising 
the material of which she was constructed, and averring that if she had 
been made of iron she could not have stood the severe strains which 
she was subjected to. He happened to be in Liverpool after this 
vessel had returned, and finding that she was in the graving dock at 
Birkenhead he visited her. Her bulwarks were of steel, and h© 
observed that they had been folded flat down, but not broken. The 
upper deck beams were very light — ^he thought not more than three- 
eighths of an inch thick — and where the ship had been subject to pres- 
sure from the other vessels which fouled her they were bent and 
buckled in many places, but not broken. The 'tween deck beams were 
m the same condition. He believed that if she had had strong iron 
beams she would not have buckled so much ; but probably she would 
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haye broken frames, beams, and plates had they been made of iron. In 
the stem a great hole had been made; bat he believed that her 
bottom was as fair as any iron ship. The workmen had considerable 
trouble in getting out the steel rivets to repair her, owing to the 
aard steel being sore on the tool. He agreed w th Mr. Barber that 
the complaints made against steel ships were to be attributed mainly 
to the quality of the steel, and that if they could depend on getting 
good steel, it could be worked almost as easily as iron of the same 
thiciLness. He was afraid manufacturers had not yet attained to that 
proficiency in steel-making which enabled them to make it of a uniform 
quality. The tonnage of the ship referred to was about 1250 tons, 
and the thickness of her plates would be about one-fourth less than 
what was required in iron vessels. 

Mr. .DowNiE was also of opinion that if the material was made 
uniformly good in quality, steel, from its obvious advantages to the 
shipowners, would be adopted in almost every case, but he did not 
think its manufacture had advanced so far as to enable the makers 
always to send it out homogeneous and regular in structure. 

The President remarked that John Brown & Co. guaranteed the 
quality of steel made by them to be regular and uniform. 
Mr. Broom said there was no great difficulty in getting it so. 
Mr. Hunt asked whether there was not sometimes the difficulty with 
steel that the rivet holes had to be drUled instead of being punched ? 

The President said that the rivet holes in the steel plates he had 
used were punched in the usual way without difficulty. 

Mr. Duncan said that the advantage of building vessels of steel was, 
that for nearly the same money a ship of much smaller dimensions could 
be made to carry the same cargo, and be sailed at less cost; and therefore 
she would be a more economical vessel in every respect. He thought 
that perhaps the fault in steel vessels arose from making the rivets too 
small. They were made in proportion to the thickness of the steel, but 
they ought rather to be made in proportion to its tenacity. 

The President asked if steel would oxidize in the bottom of a ship 
faster, or as fast, as iron. 
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Mr. Duncan believed that Dr. LivingstoDe had a small boat built of 
steel. It was very light, and built expressly for exploring the rivers of 
Africa ; but it had not sailed many miles until it was nearly destroyed 
by oxidation. 

Mr. CuRLE had observed that iron chains of rough quality were less 
liable to corrode than those of finer quality. From that he would 
deduce that corrosion proceeds faster in steel than in iron. 

Mr. Connor said that no doubt steel axles stood much longer 
than iron ones. A great deal depended upon annealing the metal 
properly. If that was properly done, steel would be more regular in 
quality. Locomotive engine tyres were nearly all made of steel now, 
and there was no chance of lamination taking place. At first, steel 
was made too hard, but now it was made softer, and hence it was far 
more reliable. It was found that steel crank pins were very much 
better than iron. 

Mr. DowNiE said that steel bearings were found to be better than 
iron ones if they had been carefully tended at the beginning, when 
set to work, and till they had, in actual work, got a proper skin upon 
them. He agreed with Mr. Connor, that the quality of steel very much 
depended upon the annealing. 

The President remarked that Mr. Barber proposed to have the steel 
tamped, not only with the name of the maker, &c., but also with the 
strain it would stand. That, he feared, would be unattainable. 

Mr. Connor agreed with the President, for steel that stood the 
greatest tensile strain was found to give way under a less transverse 
strain. 

The President said that Mr. Barber mentioned the case of steel 
boilers having been taken out of a ship after one year's service. It 
would be interesting to have the particulars of that case. Two river 
steamers were furnished with steel boilers on the Clyde, the one had 
steel rivets, the other Lowmoor, but the steel rivets proved defective. 
He inquired whether the fact mentioned by Mr. Curie could account 
for this — that the finer qualities of iron corroded quicker than the 
coarse. 
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Mr. BsooH did not think that woald always be the case. 

Mr. Ferguson supposed that if the iron was soft it would corrode 
faster than if it was hard, even although the hard iron might be 
inferior in point of strength to the soft. 

Mr. Jas. Hamilton said that cast-iron was not so liable to rust as 
malleable iron ; could the impurities in the iron be considered a pro- 
tection? 

Mr. Hunt thought the corrosiveness would depend upon the purity 
of the metal. A little nickel mixed with iron had been tried to retard 
corrosio^^. He was of opinion that the purer the metal was the more 
quickly it would corrode. 

Mr. Watson said that Mr. Husband had made some experiments 
with steel in marine steam boilers. He had put alternate plates of 
steel and iron, and after a sea voyage the steel was found to be all 
pitted over, while the iron plates were quite sound. 

Mr. John Todd said that the boiler referred to by Mr. Barber as 
« having been taken out after one year's service was in one of the Dover 
and Calais mail-boats. It was a tubular boiler, every hole having been 
drilled and not punched, and was made by Mr. Churchward, of Dover. 
He had seen the boiler made, tested, and put in the vessel, and he 
believed that the only fault was a want of heating surface. The ship 
never had sufficient steam to work her at full power. 

Mr. NivEN, in answer to the President, said there were some small 
steamers being built of steel at present at Fairfield Building Yard, 
Govan. The plates were ^ in. thick, and the frames 24 in. apart. They 
found great difficulty in getting the plates smooth and square. 

Mr. Duncan said that he would beg to suggest to the President 
that he might, with great advantage to the members of the United 
Institution, and to the subject under discussion, take up and enlarge 
his remarks on steel for shipbuilding, as given in a paper read to the 
Scottish Shipbuilders' Association, in February, 186 J ; and if the In- 
stitution considered it advisable to press the consideration of steel for 
shipbuilding and engineering purposes, he had no doubt that a care- 
fully prepared memorial, submitted by this Institution to Lloyd's 
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Comm'tiee, woald meet with the attention a matter of so mach import- 
ance deserved. 

Be quite agreed w'th Mr. Barber in his views on the steel question; 
but there was another matter treated of by Mr. Barber on which 
nothing had been said by the meeting, and on which he wonld beg to 
support Mr. Barber with a few remarks. 

Mr. Barber objects to the common fashion of treating a ship exclu- 
sively as a girder; some engineers will most probably take exception 
to Mr. Barber's views on this question ; but keeping in view the pur- 
poses for which ships are constructed, and the work they ha^e to do, 
the strains to which they are subjected, and the forces with which they 
have to contend^ not merely as floating bodies in a free element, 
actuated solely by gravity, but as floating bodies driven by the full 
power of wind and steam against the full force of the sea, he (Mr. 
Duncan) thought, that with such considerations in view, it would be 
obvious to most minds, that no calculation based upon the formulae for 
the construction of girders for a state of rest on land, could possibly 
apply to the construction of ships for a state of violent motion on the 
sea. 

He believed Dr. Fairbairn was the originator of the girder idea aa 
applied to ships, and as a recognised authority in engineering, it was 
fashionable to believe him. 

It looked scientific to call a ship a name sufficiently general and 
comprehensive to need neither definition nor specification, and upon or 
under which the crudest theories of construction might be safely ven- 
tilated, so long as they complied with the girder theories of strength. 

Dr. Fairbairn, in his latest work on " Iron Shipbuilding," seems dis- 
posed to modify his views and calculations slightly to the views ex- 
pressed by Dr. Macquorn Rankine on the same subject, in some papers 
read in 1864, before the British Association, and in which the most 
severe strains to which a ship afloat is subject are assumed to be when 
alternately on the top of a wave, or in the hollow between two ; in 
which positions, it is nearly as easy to compute the strains on the sec- 
tion as it is when the vessel is assumed as a fixed girder ashore. 
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Dr. Fairbairn is evidently oat of his element in a ship afloat ; he 
only gives Dr. Rankine a quotative support, and reveris to his 
favoarite girder again, on which he is more at home. He does, 
however, admit that the girder calculations (that is, the calculations 
for shore strains,) are of little use in determining the strength of ships 
for strains when ashore. He says : " It should, however, be borne in 
mind that although it is possible for a ship to be stranded, with its 
extremities only supported, yet it is a circumstance which must very 
rarely happen ; and under other circumstances, such as stranded on a 
lee shore, beaten on rocks or sandbanks, widely different forces come 
into operation ; and the only safeguard in these positions is, increased 
strength at midships, and a sufficient number of water-tight bulkheads 
to prevent her filling entirely with water." How much strength is 
necessary in view of such circumstances we are left to surmise, calcula- 
tion being evidently at a loss as to the quantity ; and no wonder, for 
there are often circumstances of wind and sea and shore, which Dr. 
Pairbaim can imagine, in which no amount of additional strength, 
short of absolute solidity, and not even that, could avail to keep the 
structure together. 

Every naval architect and shipbuilder knows that ships are not con- 
structed to withstand such strains as those; their element is the sea, 
and for sea strains only is it proper to treat a ship, if it be possible for 
science to calculate the combined and multiplied strains to which ships 
afloat are subjected, and from which experience alone has deduced the 
elaborate structure adequate to the work. 

Science, so far as he (Mr. Duncan) was aware, had not yet made the 
attempt. None of the old writers before the era of iron shipbuilding 
treat of it other than as matter of fact, and not matter of calculation. 
Modem authors, since the introduction of iron shipbuilding, have been 
chary of committing themselves too deeply on this question, except 
Dr. Fairbairn, who has committed himself pure and simple to the 
girder ; and the simplicity certainly has taken the fancy, and encour- 
aged the presumption of the greater number of his disciples. 

Mr. Scott Russell, in his great work which was to have been an 
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Encyclopaedia of Shipbuilding, has totally avoided the question of 
strains. 

Dr. Macquorn Rankine, in his " Treatise on Shipbuilding," which has 
just been completed, treats this question, as one would expect, from his 
great scientific knowledge, in a more scientific manner than it has ever 
been treated before ; but his great mathematical and methodical judg- 
ment leads him to treat a ship too rigorously as a structure ^^ auala- 
gous to a beam,*' of which the usual variations of position may be con- 
sidered calculable ; and the most severe may be assumed to be, as 
stated before, when on the crest, or in the hollow of the waves ; ap- 
proximately under the conditions of girder strains. And that, practi- 
cally, '' the best way of insuring that the moment of resistance of the 
ship shall be sufficient in all positions into which she can roll, is to 
arrange the material so as to make her moment of resistance to bend- 
ing in a horizontal plane, at least, as great as her moment of resistance 
in a vertical plane." 

This is perfectly satisfactory, provided the moments of stress could 
be as easily ascertained as the moments of strength or resistance ; but 
in ships as totally contra- distinguished from girders, this is precisely 
the point upon which it is impossible to put a definite value by calcu- 
lation, and thus, decidedly, ships are removed from the category of 
calculable structures, except in as far as experience has already deter - 
mined, or may elicit, the scantlings and arrangements suitable for the 
varieties of sizes, forms, and purposes for which ships are built. 

So far as he (Mr. Duncan) had been able to discover, the only w^riter 
who has ever really taken a thorough grasp of the subject, and considered 
it practically, for all the varied strains to which a ship is or can be 
subjected, and as far as mathematical investigation can be taken as a 
method of deduction on such a subject, is our respected President, Mr. 
Lawrie, in the paper already named as read to the Scottish Ship- 
I)uilder8' Association, in February, 1861, which paper, even in point 
of time, takes precedence of all the new works quoted. 

Mr. Lawrie founds his calculations upon Scoresby's investigations 
•on waves and storms at sea. After calculating the Tertical scending 
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ftnd pitching strains for waves of the measHred magnitude of 42 feet 
frpm crest to hollow, roshing with a yelocitj of 33 knots an hour, he 
takes ap '* another effect due to a gale of wind of a formidable char- 
acter, and most trying to the strength of ships." 

" Scoresbj explains that while one system of waves of the dimen-. 
sions already stated moves in one direction, other systems of the same 
magnitude move in other directions, and that, at the crossing of these 
systems, the elevation of the water is that due to wave on the top of 
wave. The velocity of these waves depends upon the height, and when 
the velocity of the wind exceeds to a certain extent that due to the 
height of the wave, the wave is destroyed, and the water, it may be, 
of the high pinnacles at the crossings, or of the more ordinary wave, 
is dashed with the utmost violence upon the sides of the ship, producing 
blows, as if from a mass of ice, and causing a violent tremour or vibra- 
tion of the entire hull." 

" These blows take place not only on every part of the ship, and at 
every angle depending on tlie relative directions of the wind, waves, and 
ship, but occur so as to act in accumulation with other strains, arising 
from the action of the masts, the altered displacement due to riding 
fhe waves, tlie bending strain lengthwise due to the form of the waves, 
and other causes.^ 

^^ When a ship in such circumstances receives a blow from a mass 
of water, striking the exposed sides with a velocity of 30 to 35 knots 
an hour, it is well fitted to make the strongest structure stagger." 

" It is utterly hopeless to reduce to exact calculation the effects of 
these blows on any particular ship ; but a comparison can be made of 
their action upon ships of different dimensions, and an estimate formed 
ef the proportional scantlings necessary to resist them." 

When a writer approaches such a subject, with so complete an 
appreciation of the difficulties with which he has to contend, as Mr, 
Lawrie has done, we may rest assured that no paltry temptations to 
mere theorising, with a show of science, will induce him to undervalue 
the results of carefully elicited experience ; and, in the same spirit, he 
(Mr. Duncan) would beg to support Mr. Barber, and to commend reflee- 
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tion to those who are tempted to indulge in generalisation, even on 
good anthoritj, by treating a ship as a beam or girder, stmctares 
with which, practically, a ship has bat the remotest possible analogy. 

A cannon ball might ahnost as rationally be treated as a bird when 
flying through the air, or a horse be treated as a dolphin when swim- 
ming in the sea; the horse is a land animal, for which it is designed; 
and the girder is a strnctnre of terra firma also, from which the stmc- 
tnre of a ship can no more be deduced than the structure of the 
dolphin can be predicated from the structure of the horse; the one 
behig designed for, and supported by, its element the sea, and the 
other being designed for service on the land, and supported by its legs. 



Note by Mr. Babbeb, — Received i7th Januaryy 4867, — ^With refer- 
ence to Mr. Todd's statement as to the steel boilers, he must be in 
error either as to the vessel he has referred to or as to the facts of the 
case. The boilers in the vessel to which reference has been made proved 
so defective, from splits and rents in the material in the wake of the 
furnaces, and other parts, that withm twelve months after they were 
put in it waa found necessary to take them out, and they were broken 
up. The steel shafts in the same vessel also proved so defective, from 
cracks and flaws, that they had to be removed at the same time as 
the boilers. 
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On Ecdlway Ocarriagm. 
By Mr. John Page, O.B. 

(81B PLATES YI. AKD Vn.) 



Received 22nd and read 26th December, 1866. 



Part I. 



As it is desirable, and I think possible, to diminish the resistance 
that trains of carriages have to oyercome, thos reducing the power at 
present expended in propelling them, and at the same time render 
railway trayelling more safe and comfortable, I hope I may be 
excused for calling yonr attention to the subject. I need not refer to 
the almost nniyersal use of railways by all classes, nor to the vast 
amount of capital employed in their construction and maintenance, to 
interest you in the subject, as we are all more or less practically 
engaged m their construction and the production of plant, or per- 
sonally interested in their pecuniary results. 

Great improyements have been made in the locomotiye and in the 
permanent way, — one improvement has followed another in these 
departments until a very great state of perfection has been attained ; 
but I think the carriages, with the exception of being enlarged, are 
very nearly as they were when first introduced. 

The wheel base has been increased, ofifering greater resistance in 
traversing curves, and it is yet to be {firoved how far the arrangements 
introduced, such as curved guides, loose wheels, and long bearings 
admitting lateral play, have gone to lessen the great strain on the 
framings, the enormous friction, and loss of efifective power, consequent 
on forcing the wheels along and against the rails instead of permitting 
them to run freely. 
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The area of the surface exposed to the atmospheric resistance has 
also been increased very much. This retarding force, I fear, is neg- 
lected, or, if taken into account, has not received that amount of atten- 
tion which the subject demands. 

On referring to old drawings I find the original London and Birming- 
ham first-class carriage, with three compartments to accommodate 18 
persons, weighed 3 J tons. They were 15 feet long, 6 feet 3 inches 
wide, and 4 feet 9 inches high, with a wheel base of 8 feet. After 
some time the first-class carriage gradually increased in size ; we find 
it 20 feet long, 7 feet wide, and 5 feet 6 inches high, and fully 5 tons 
in weight, with a wheel base of 10 feet. But we have now carriages 
28 feet long, 8 feet wide, and nearly 7 feet high, weighing about 8 
tons, with a wheel base of 15 ft. 6 ins. 

The carriages made by the Ashbury Carriage Company are perhaps 
as perfect as any yet made, not only for the large amount of comfort it 
affords, but for the taste displayed on the interior fittings and external 
finish. I would also add my praise of the admirable manner in which 
the details of construction are carried out, although I cannot agree with 
the principles on which it is built. It is 25 feet 6 inches long, 7 feet 
8 inches wide, and nearly 7 feet high, having a wheel base of 13 feet. 

That such increase of size and weight was called for we must admit, 
being essential to the security and comfort of the public as the speed 
of travelling increased ; but it is most amusing to observe how very 
closely the first pattern of carriage has been copied and re-copied, 
without any improvement or alteration in the principle of construction. 

Although we sent pattern carriages to be used on the Boston and 
Providence Line, in the United States, our Transatlantic brethren 
have, I think, made a decided improvement on our plans; their train of 
carriages affording more comfort and safety than ours. I think that 
they are cheaper and injure the road less. I make these remarks, as I 
have had many opportunities of observing them during a tour extended 
over three years in the principal States of the Union. 

The American carriage (Fig. 1) is usually 30 feet long to accom- 
modate 60 persons ; the bodies differ in length, but are generally 
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constructed in this proportion : — ^At both ends there is a platform of 
2 feet 6 inches long, the breadth of the carriage, which makes a 
60 passenger carriage, 85 feet long ; from these platforms the body is 
entered at the ends, and from door to door there is a straight passage^ 
on both sides of which there is a row of seats each capable of contain- 
ing two persons, and so constructed that those using them can sit at 
all times facing forward, or, by forming themselyes into parties' of four, 
sit as in a coach, with a comfortable support to their backs, in either 
case of such an inclination as to insure as comfortable a lolling position 
as if seated in a chair. This carriage is used by gentlemen. Ladies 
sometimes sit in them when accompanied by gentlemen, but should 
they be unattended or unwell they use the ladies' carriage (Fig. 2) 
which is beyond doubt the most convenient and comfortable vehicle ever 
constructed, and reflects great credit indeed on the projector, as it 
evinced a great anxiety to add to the convenience of the ladies, and 
so peculiarly adapted is it to their little wants and comforts,^-carpeted, 
furnished with sofas, stoves in cold weather, dressing-room with mirror 
and all other conveniences appertaining thereto— that a delicate female 
can travel with perfect safety much more comfortably than in her own 
carriage. Night travelling in carriages fitted up with berths is relieved 
of all its irksomeness, and is thas a saving of time to the man of busi- 
ness. The slave to the " weed" can retire to the smoking carriage ; 
and the invalid gentleman will find his convenience and safety likewise 
attended to in a carriage usually attached to the train. 

The under carriage is composed of what is now well known as the 
4* Bogie," one of which, with four wheels, is placed under the door at each 
end. (Fig. 4.) The support being thus at the ends, the motion is more 
pleasant, and there is less tendency to lurch than in an English carriage. 
The bogie accommodates itself to the curves of the road with ease, and 
as the wheels in each bogie are as close as they can be to each other, 
they form with their flanges an unyielding fence of — say, 3 feet 3 inches 
(when 3 feet wheels are used)^to resist any tendency to get off the 
track. I am, therefore, of opinion that it is difficult to run an American 
carriage ofi the road. I have been in a carriage when the forward 
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bogie left the rails on a very bad part of the Neir ark and New Jersey 
Railway, bat the hind bogie kept its place, while the forward one 
was bumping from sleeper to sleeper. I feel assured that an English 
carriage woold have left the road, and hare dragged its com- 
panions with it over the embankment, as the rails on that spot were 
in bad repair. I observed an improyement in the construction of the 
bogie by which accidents resulting from a broken axle were rendered 
less frequent, if not prevented ; and I recollect having had an nnex* 
pected opportunity of witnessing its efficacy. An axle broke, and we 
continued our journey quite unconscious of any danger ; it was not 
known when it took place, but from the appearance of the fracture the 
axle must have travelled some distance in its broken state. 

It is astonishing that more accidents have not happened on the 
American Railways, as the rails are sometimes laid alongside of the 
common road, frequently with no other fence but what the nature of 
the works afford ; a few simple contrivances, however, with a little 
caution, lend a degree of security quite remarkable to an "Old 
Countryman" accustomed to our well-fenced and well-guarded rail- 
ways. 

To the front of the engine a " cow-catcher" is attached, which is an 
inclined plane raised in the centre, presenting the appearance of two 
moulding boards of a plough placed back to back ; it lies within a few 
inches of the rails in front, so that it catches anything lying thereon, 
and as it gradually inclines down on the side from the centre, it throws 
the object caught, with violence out of the way of the train. It fre- 
quently removes cows from the rails, but if a cow or horse is between 
the rails, there is a greater difficulty in getting it out of the way; it is 
then necessary to stop the train. I have seen a pig whipped up and 
deposited on the side of the road with a speed new to the lazy grunter. 
I must not forget to mention that the guard of the train can in a 
moment disengage the carriages from the engine if required. In winter 
the " cow-catcher'* is replaced by a snow-plough. 

I have prepared a few drawings of carriages on the American prin* 
ciple, altered in the interior to suit the wants and tastes of the British 
public. 
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Fig. 3 is a plan of a post-office carriage. A closet and sofa, with 
ample space for mail bags, and a large sorting room, are provided. 
Tbe conductor does not enter the carriage, but walks ontside of the 
inclosed space occupied bj the post-office officials. 

After the reading of the Paper, 

Mr. B. CoMKOR said he admitted generally that the American car- 
riages were better than those in this country ; but they would not 
please the people of Scotland. Americans chose to travel in company: 
Scotchmen did not. The Caledonian Railway Company had tried 
saloon carriages on some of their branch lines; but they proved a failure 
so far as the public taste was concerned. The bogie was a necessity 
of American railways, where the roads were not so good as in this 
country, and where the curves were more acute. He approved of the 
passage up the centre of tbe carriage. 

In answer to the President, Mr. Connob said the objection to the 
general introduction of gas into railway carriages was the difficulty of 
arranging and connecting them. Gas light in itself was cheaper than 
oil ;. but he did not know whether or not it was cheaper when the first 
cost of apparatus was considered. 

Mr. DowNiB thought that the Institution was indebted to Mr. Page 
lor bringing this subject before them, as it included a reduction of 
engine haulage as well as the increased comfort of the public. The use 
of the bogie enabled them to have longer carriages, and hence le8» 
f rictional resistance in axle bearings, &c. ; and if, as was proposed, the 
carriages were made lower, they would offer less resistance to a gale 
of wind. The safety of travellers would also be more ensured ; for 
with the bogie there was less chance of oscillatory motion than at 
present. 

Mr. Connor said that bad coupling up caused oscillation ; but that 
rarely led to an accident. 

Mr. DowNiE said that no doubt there were many matters of detail 
in connection with this subject to be discussed; but anything likely to 
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increase the strength and safety of railway carriages, or to cheapen 
the tractive power on railways, was well worthy of their discnssion. 

Mr. Connor thought that the great point to be first considered, was 
the amount of stock at present held by railway companies. 

Mr. DowNiE replied that if carriages could be made stronger and 
cheaper, combined with other advantages, the companies would find it 
profitable to adopt the new design of carriages, and then they might 
arrange their plant so as gradually to introduce improved new ones. 

Mr. Hamilton said it would be a great convenience if carriages were 
made lower than at present. 

Mr. DowNiE said the new carriages would do away with the neces- 
sity for platforms, as the floor of the carriages would be only 10 or 12 
inches from the ground. 

Mr. J. Todd remarked that Mr. Curtis had introduced low carriages 
on the London Bridge and Greenwich line, the floor of which was but 
two feet from the ground ; but after running there for many years, he 
observed they had been superseded. 

Mr. DowNiE believed that arose from the difficulty of coupling up 
with other carriages, and other reasons, which would be shown on the 
plans of these carriages, promised by Mr. Page for our next meeting, 

Mr. Todd said that on the North London Railway the engines ran 
on bogies, but whether the carriages were similarly constructed he 
could not tell. 

Mr. Connor responded that it was a matter of necessity to run on 
bogies on the North London line; because it was nearly one continuous 
curve. All the post-office carriages had six wheels, by Government 
stipulation, the reason being that they are most heavily loaded — ^much 
more so than a first-class carriage^ 

Mr. Todd said that Robert Stephenson had made the first-class 
t^arriages on the London and Cambridge Railway with six wheels. He 
thought they were safer than with only four, and the centre wheels 
having no flanges. For the safety of passengers he was of opinion all 
carriages ought to have six wheels. 

Mr. DowNiE said that if six wheels were to be used they must con- 
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tinne to have high carriages, whilst with the proposed arrangement, 
we had very low carriages, with wheels of large diameter. 

The President asked whether, in constructing bogies, Mr. Page 
intended the axles to go right across? 

Mr. Page answered in the affirmative, and said they would be 
similar to the American bogies. 



Part IT. 

A GREAT proportion of the loss of effective power in propelling 
Railway Trains is due — 

1st — To the resistance caused by the use of small wheels. 

2nd — To the resistance of the Air ; and, 

3rd — To the resistance caused by the friction of the wheels against 
the rails, when brought in contact by the lateral oscillation of the 
carriages. 

I propose in this paper to show the mechanical advantages to be 
gained by the use of larger wheels, and the possibility of their intro- 
duction in carriages much lower than those at present used. These 
points gained, we have the centre of gravity lowered, less resistance 
presented to the atmosphere, and, consequently, greater safety guar- 
anteed. I intend also to allude to the errors in the principle of con- 
struction of the carriages as they are now built, not with the view of 
saying anything new, or laying before you more than a brief outline 
of what has been done or said in the matter, but with a wish to im- 
press on your minds the vast importance of a subject involving the 
reduction of the working expenses of every Railway, while, at the same 

Q 
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time, the comfort and safety of the travelling public would be in- 
creased. 

Such questions as these were fully discussed during the time the 
"Battle of the guages" raged, the records of which read now^ in the 
light of our experience, present a few useful lessons. 

Amongst those who, at that time, advocated "things as they are," 
I find that an emineht engineer asserted, there was no danger of the 
carriage overturning; that, from what experience he had of Railways, 
he believed it would be a most difficult matter to overturn the car- 
riages upon them, even if the object was purposely to do so, and an 
experiment should be made for the purpose. In lowering the centre 
of gravity, and in making the wheels larger, he saw no difficulty, and 
was quite sure, that inasmuch as these alterations have not been 
made, there is evidence to prove that they are unnecessary. But after 
all he did see a difficulty, for he proposed to make the carriages omni- 
bus fashion, certainly not an economic arrangement, and certainly not 
one to be desired. He considered the carriages safe, and said, "as 
things are safe there cannot be the smallest advantage in making them 
safer r 

Although I cannot agree with Mr. Brunei in the necessity of in- 
creasing the width of guage to obtain greater safety, higher wheels 
and less resistance to the utmosphere, because these improvements can 
be attained on the narrow guage, yet I do admire the moral courage 
shown by him in venturing upon an untrodden path, for all his prede- 
cessors were mere imitators, adding or subtracting as their fancy dic- 
tated; showing as little variety as we see in canals and in canal boats; 
and I am not astonished, that this "Arch Innovator," as he was some- 
times called, should have considered himself unfairly dealt with, when 
facts, the results of careful experiments were thus met, particularly so, 
when those who were interested in perpetuating "things as they are" 
were brought forward to prove that as things were tolerably well it 
was useless to seek for better. His pertinent remark then is not now 
without its value. He said: — I have the pleasure of being personally 
lu^qnainted with the gentlemen whose opinions are quoted, and enter- 
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tain the greatest respect for them ; bat I should rever have thoaght 
of consulting them. If before building the Great Western steam- 
ship we had written to some of the highly respected and talented gen- 
tlemen who command the New York liners, and asked them, if they 
considered there was any danger or inconvenience in the use of sails, 
and whether they should prefer steam, I think we might have antici- 
pated their answers." 

I am not wedded to the plans I intend to lay before you. I do 
not consider them the best possible, nor do I presume to say it is for 
the present interest of railway companies to fall in with all that I 
propose, although they must prospectively look these matters in the 
face and follow in the march of improvement. I am only anxious that 
the subject may be fully discussed, and I hope in the remarks which 
are likely to follow the reading of this paper, that the term " safety" 
may be used comparatively, as it must be admitted that there is a 
possibility of danger, arising from various causes, although it is 
generally supposed that the railway carriages are not easily over- 
turned. Yet we cannot shut out the idea from our minds, that there 
is, so to speak, a susceptibility of the carriages to be thrown off the 
rails; and apart from this, we know such does sometimes happen, and 
that there is really serious cause for being alarmed. I would remind 
you of the three such accidents which have occurred lately, within a 
brief period. 

The carriages, as they are now made, are perched high over the 
wheels, and have a tendency to pitch and lurch — two motions neither 
agreeable nor safe. This tendency was sought to be overcome not by 
removing the causes, but by adding a contrivance, complex and expen- 
sive, called a buSng apparatus. In 1835, Mr. Bergen, of the Dublin 
and Kingstown Railway, took out a patent for an improvement on the 
then existing buffer apparatus, which has been superseded by Mr. 
Booth's improvement. It certainly, when properly used, does go far 
to impart a steadiness and smoothness of motion at rapid speeds ; but 
I must express my regrets, that such an expedient is necessary to 
obtain such results. 
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Carves, under the most favoarable circumstances, are highly 
objectionable, partly arising from the construction of the carriages, 
which is such as to be rigidly square in all its details; in fact, we may 
say the wheel moves in a straight i^roove, or what is equivalent to one, 
and unless there is some yielding of its parts doing actual violence to 
them, it is impossible for a carriage to move in any direction but 
that of a straight line. This evil is magnified by the coupling; for 
when the coupling is correct and all the carriages are brought tight 
to their bearings, the train is represented by a strong straight cane, 
yielding, it is true, to the bends of the road, but such yielding is at 
the expense of great friction, great straining, and shearing of the rails 
and wheel flanges. 

But curves are unavoidable, and as the carriages are now con- 
structed we are compelled to use the coupling to steady the train; but 
like the man with the crutch, we acknowledge the assistance it gives, 
while we regret the necessity which obliges us to use it. 

Bad couplings, axles and springs breaking, are admitted to be the 
proximate causes of many accidents. That such accidents are not more 
frequent, we are thankful to the ever watchful care of those who have 
' the superintendence of railway plant ; but I hold that it would he 
well, and I think it is possible to reduce the hourly dependence on 
human watchfulness, which, with Argus eyes, must be ever awake, conse- 
quent on our present system ; not that I would diminish the attention, 
care, and watchfulness at present existing, but that I might in a degree 
lessen the danger resulting from neglect of duty. 

I will now allude to the mechanical advantages to be gained by 
using wheels of larger diameter. 

The advocates of the broad guage deemed the most important 
part of the ' advantage to be gained by their system, to be the facility 
with which they could increase the size of the wheels, without raising 
the bodies of the carriages. 

It was proposed to place the body of the carriage between the 
wheels, and in thus lowering the centre of gravity, it was calculated 
that greater stability and smoothness of motion would be attained. 
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'^ as high carriages are more liable to oscillate, and that a very consi- 
derable part of the friction was occasioned by the rolling of Ihe car- 
riages, throwing the flanges of the wheels against the rails." 

But the idea of bringing down the centre of gravity was not 
carried oat, for in using wheels a little higher than those on the narrow 
guage, the carriages were actually raised, instead of being lowered, 
thus presenting a greater resistance to the atmosphere. 

The broad guage had many objectors, but they all agreed that it 
was desirable, if possible, to have larger wheels than those in use. The 
late Mr. Nicholas Wood, Honorary Member of this Institution, in his 
report on the Great Western Railway, admits that there is a diminu- 
tion of friction by increasing the size of the wheels. 

Mr. W. Bridges Adams was also a great advocate for high wheels. 
He, too, proposed to place the body between the wheels. He condemned 
the present system and proposed in the construction of passenger 
carriages to abandon the under carriage altogether; to have a body 
capable of containing, say 12 persons, placed between two wheels, 
four feet or four feet three inches high, the bodies to be coupled to- 
gether by jointed iron work, '* leaving about 3 inches of space between 
the bodies in order to allow the axles to accommodate themselves to the 
line of draught ;*' he adds, "that with carriages of this description, a 
whole train might be jointed together without the necessity of buflBng 
springs." It will be seen from the end elevation. Fig. 8, that it is 
only wide enough to accommodate two persons on each seat; thus 
his carriage will carry only eight instead of twelve persons. 

Mr. Thomas Tredgold remarks, that it seemed quite clear to him, 
that as far as the friction of the axle is concerned, if you double the 
radius of the wheel, you reduce the power necessary to move the car- 
riage one-half, and expresses his astonishment, that this truth, although 
repeatedly published in this country, has been overlooked by many. 

To confirm his idea, he instituted a series of interesting experi- 
ments. He had a small carriage made with two sets of wheels, one set 
being 4 inches and the other 8 inches diameter; he used revolving 
axles of iron 0*55 inches in diameter, working in brass bearings, so 
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that in changing the wheels no change was made in the rubbing sur- 
faces. The wheels were of cast-iron, and the rims turned. The rail 
was 12 feet long, filed straight and smooth on the upper edges. 

In the first experiment, the 4-inch wheels were used, and the car- 
riage was loaded till a weight of 4 lbs. passing over a pulley, and 
drawing in a line parallel to the rails, produced a regularly accelerated 
motion on the rails, adjusted so that the first 3 feet were described in 
9 seconds, the total weight of carriage and load was 230^ lbs. ; so 
deducting the friction of the pulley from the 4 lbs., it was ascertained 
that the load was moved by ^.-^ part of its weight. 

The 4-inch wheels were then removed, and the 8-inch ones put on 
the axles, the pulley being adjusted to render the line of traction 
parallel to the rails, the moving force of 2 lbs. was applied, and the 
load increased till the first 3 feet were described in 9 seconds. It was 
then found to be 219-75 lbs , including the carriage and wheels as be- 
fore; consequently the load was moved by yfy of its weight. 

It thus appears that a load of 230-5 lbs. was drawn by a weight 
of 4 lbs. with 4-inch wheels, being moved by ^^J.^ part of its weight, 
and a load 219*75 lbs. was drawn by a weight of 2 lbs. with 8-inch 
wheels, the load being moved by x+rr of its weight. These experi- 
ments show that the resistance does not decrease exactly one-half by 
doubling the size of the wheels; but the difference is not much from 
that ratio. Mr. Tredgold remarks, that as the experiments were re- 
peated frequently, with as little variation as could be expected, that it 
may, for rail-roads, be assumed that the power in the same circum- 
stances, as to axles and pressure, is inversely proportional to the dia- 
meter of the wheels, or very nearly so. 

We will now consider the retarding effects of the air on the 
motion of the carriages. 

1 believe that Dr. Lardner was the first person to call particular 
attention to the fact, that this resistance increases with the square of 
the velocity ; but as far as my reading goes, I think he did not appre- 
ciate it to its full value or extent in its effects on railway carriages. 
His experiments are well known, showing the loss from this cause, and 
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several of them are qaite conclasive on the point. In one of them, the 
half of the front part of a waggon was made to fold down on a hinge 
joint, so as to expose only half the surface, when required, to the 
atmospheric resistance; the waggon, being loaded, was started down 
an incline with the whole of the end surface exposed, and afterwards 
with the same load and only half the surface of the end exposed. 

After minutely detailing the results. Dr. Lardner observes^ — " It 
appears therefore, that with the frontage of 47'*8 square feet this 
train suffered a greater resistance at S^ miles an hour, than that 
which it sustained with the lesser frontage of 23''8 square feet at 19 J 
miles an hour. 

The general conclusion arrived at by Dr, Lardner, was, that the 
atmospheric resistance to the passenger trains moving at 30 miles an 
Aonr, is equal to 15 lbs. a ton of the gross weight of the train. Taking 
then an increase at the square of the velocity, we find the resistance 
to amount to 60 lbs. a ton to a train moving at the rate of 60 miles 
an hoar. 

It has been asserted, that the resistance is due to the end of the 
first carriage only, forgetting that the strong wind, which must be 
encountered occasionally, at every bend of the road, acts either in the 
line of motion obliquely, or at right angles to it. 

Dr. Lardner did not seem to be quite clear on this point, for he 
observes, it should also be remembered that the resistance of the air to 
a train of coaclies, does not act exclusively on the front of the first 
carriage ; the carriages of the train are nearly four feet asunder, and 
the air probably acts more or less on the foremost end of each 
carriage. 

This idea was entertained by Mr. H. Bessemer, who made some 
ingenious experiments to ascertain the amount of resistance due to 
the end of each carriage in the train, and as the experiments may be 
interesting, I will attempt to show the results arrived at. 

The model train required five horse power to move it at a velocity of 
45 miles an hour. The carriages were constructed on a scale of ^ size 
of those in ase on the railways. A spring balance of a good con- 
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struction was used, and the indications were marked on a card by a 
pencil tracer. 

All arrangements being complete, the train was put in motion, and 
the speed gradually augmented from the time of starting in each ex- 
periment ; and when the number of revolutions per minute was at- 
tained, which was equal to the number of miles per hour previously 
determined on for each series of experiments, the speed was gradually 
dimmished till the carriage was brought to a state of rest, when the 
indications on the card were copied off, and the same experiment 
twice repeated so a^s to obtain in all cases the mean of three experi- 
ments. 

The first series indicated a resistance of 2-1 lbs. per square foot of 
front surface of carriages at 20 miles an hour ; 3 '2 lbs. at 25 miles ; 
4'5 lbs. at 30 miles ; 6*1 lbs. at 35 miles ; 7*9 at 40 miles, and 10 
lbs. at 45 miles an hour. 

Having thus ascertained that the pressure was exactly 10 lbs. on 
the end of the carriage a foot square, a second carriage was placed 
behind the first, with the space between the buffers left open as is the 
present practice on railways, the two carriages being put in motion 
at the selected rate of 45 miles an hour, the resistauce indicated as the 
mean of three experiments was 14*1 lbs. ; say 4 lbs. as an addition 
per superficial foot of the second carriage. A third carriage was con- 
nected, the indication was now 18 lbs., showing an addition of 4 lbs. 
for the third carriage. Three more carriages were successively added, 
and the result in each case was precisely 4 lbs. per superficial foot. 
The sprmg balance indicated a resistance of 30-5 lbs. per square foot 
of frontage, with a train of six carriages. 

This result, the first step in the experiment, having been attained, 
the plan of reducing the atmospheric resistance by filling up the spaces 
at the ends of the carriages was next tried ; for this purpose, five 
small hoods of wood made to fit into, and fill up the spaces between 
the ends of each carriage were prepared. 

One of these hoods was placed in between the first and second 
carriages of the train of six, which then presented externally the ap- 
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pearance of a double carriage, without any space between them for 
the atmosphere to impinge against. The speed of the train was 
now increased to 45 miles, and the mean of three experiments 
showed a diminution of 4 lbs. in the general resistance. A second 
space was then filled in, and the train brought to the same speed, 
the result of which was another reduction of 4 lbs. The remainder 
of the spaces were successively filled up, with like results in each 
case. The train now presented the appearance of one long 
carriage, without any break or interval to catch the air, and the 
experiment clearly demonstrated, that, as the resistance was now 
reduced to only 10 lbs., being precisely the same as that of a single 
carriage, in the case of a train of six carriages two-thirds of the 
atmospheric resistance could be saved by merely filling up the inter- 
mediate spaces.' 

Mr. Bessemer pushed his inquiries further, with a desire to reduce 
the 10 lbs. resistance, if possible. With this view, he made the front 
of the train of a wedge form, as is shown in the drawing, and on 
experiment the resistance was reduced to 6*3 lbs. 

Much is due to Mr. Bessemer for his painstaking and interesting 
experiments, in which he clearly proves the resistance of the air in 
front of the carriage, as a great retarding force ; but I think his mode 
of cure is a clumsy one. It is to my mind a patching up of what 
must be admitted to be radically wrong. 

Mr. Robert Stephenson has also given much thought and time to 
this question. In his very able report on the Dalkey and Kingstown 
Railway, recording the results of his experiments, he says, " there is 
no alternative but to ascribe the enormous loss of power to the resist- 
ance of the atmosphere." 

In the experiments now brought before you, we have confirmation 
of two facts : — ^that at the high rate of travelling on our railways, a 
great loss is sustained by the resistance of the air, and by the use of 
small wheels. To meet these evUs in the present system, I have 
prepared drawings to illustrate a mode by which they may be over- 
come. 
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The Ylctoria Carriage is only 9 inches from the rails. No plat*^ 
form is required. Its appearance, considered under the question of 
safety, is in its favour, and it. is hoped that the first impressions Will 
ripen, on more intimate acquaintance, into a conviction of its worth. 

This carriage is composed of two first and two second class com- 
partments. It will occupy in a train about 9 feet more than a carriage 
as now used would, in affording similar accommodation. 

Although longer it presents rather less area to the resistance of 
the air on the side, at the same time the centre of gravity and pres- 
sure are brought low, and the angle of stability increased. To show 
the vast importance gained in these three points, I will trespass a little 
on your time in alluding to a curious and interesting accident which 
happened to a train on the Holyhead Railway, during a severe snow 
storm in the early part of this year. 

The wind, whose great retarding force on railways has been so 
long overlooked, gave us a practical lesson of its power as it rushed 
down the valleys between the mountains, on the southern side of the 
line, not far from Bangor, and blew over the Post-office van, only 
shaking the officials, however, without injuring them. The wind might 
have struck the carriage, smashing it to pieces, and adding a few to the 
figures, under the heading of accidents resulting from *' causes beyond 
the control of the Company's servants." 

The weight and size of the van not being known, it is impossible 
to arrive af what force was exerted by the wind in overturning it. 
But as we have the Ashbury carriage before us, I will take it, and the 
Victoria carriage. Fig. 5, and compare them under the influence of a 
strong wind. 

I calculate that the Ashbury carriage, weighing with its passengers 
11 tons, will require 81^ lbs. per square foot to overturn it, and 
that the Yictoria carriage, carrying the same number of passengers, 
weighing also about 11 tons, will require a steady pressure of 53 lbs. 
per square foot to overturn it. This is a great difference in favour of 
the low carriage. 

The talented Editor of Engineering, in alluding to the accident on 
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the Holyhead line^ aod putting the pressure to OTertnm the yan at 
8d lbs. per 8qiiare]foot remarks, '* If, however, the wind blew in gusts, 
as it probably did, a less pressure would suffice to turn the van, as a 
certain amount of lateral oscillation on the springs would be first set 
up, and then if one of the gusts happened to coincide with a roll of 
the van to leeward, the vehicle might be turned over with comparative 
ease/' 

The experiments of Mr. Robert Stephenson, Dr. Lardner, and Mr. 
Bessemer, were confined exclusively to the resistance on the ends of 
the train. This is entirely got rid of in the new system, as the tender 
stands higher than the carriage. Thus a surface of about 22 square feet 
disappears, which in the present system has been proved to offer an 
enormous resistance at high velocities. 

The under carriage is a two wheel bogie, turning on the usual 
centre. It is connected to the bogie of the next carriage by a sliding 
iron rod, forming when so coupled a four wheel bogie ; but each two 
wheel bogie has freedom to advance or recede as the buffing apparatus 
above comes into action, still keeping the faces of the wheels in «line 
with the rails. I am not sure that the coupling of the bogies is 
necessary, as I have observed two wheel Bissell bogies under engines, 
and I have every reason to suppose that it will answer as well under a 
carriage. 

The connecting apparatus is simply a buffing and drawing one, and 
makes no pretensions to steadying the carriage, as it does not require 
such aid ; being hung at the ends and above the centre, there would 
be no pitching or lurching, and, I may add, no danger of its over- 
turning. 

The wheels are 4'-6," but may be higher if thought desirable. 

The framing of the carriage is proposed to be formed principally 
of iron or steel. The whole strength of the body depends on the top; 
from it downwards, the body is trussed, and can thus be made to carry 
any weight required. 

In consequence of the under part of carriages, such as wheels, 
axles, springs, Ac, failing, a stock of carriages is required to keep up 
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the probable wants of the traffic ; on the new system, the bogies will 
only be required in stock, and an injured one can be replaced by a 
perfect one in a quarter of an hour. 

There is a safety bar, under the flooring, at both ends, which in 
the event of an axle or spring breaking would come on the rails, and 
keep the carriage there ; in such a case the fall would be only 9 inches. 
It is drawn from the top, but the drafting rod and buffers may be 
placed as in Fig. 9, to suit the carriages of the present system. 

The Victoria carriage, for the purpose of comparison, is designed 
in the same proportion as the Ashbury carriage, but I propose a 
breadth of 9'-6" for the new carriage, and giving it additional length, 
so as to carry 16 first class, and 86 second class passengers. Its 
weight when loaded would not exceed 3 J tons on each wheel, which 
is considerably under what is carried by the wheels of some of our 
locomotives. 

I have been examining the defects of the present system of railway 
carriages, from an engineering point of view, but I have yet to con- 
sider it from a sanitary point of view. 

The crowded state of our cities sends us longing to the country 
for repose, and for the pure and invigorating air, and the facilities 
afforded by our railways induce thousands to reside out of town ; but 
I am informed that in many, many cases, this advantage is dearly 
bought. 

Who, on arriving at the station, can resist the tempting morning 
paper, the city, home, and foreign news, which, with the leading article 
of the favourite paper, have all their charms to the inquiring and busy 
mind ; and dull indeed that man must be, who can sit during a run of 
fifteen or twenty miles, without trying to get a glimpse of the busy outer 
world, as it is shadowed forth in the daily papers. But it is in thus 
trying to do so, as the carriage swings from side to side, that the 
danger lies. In the efforts made to catch each word, and hold it, so 
to speak, with its neighbour, the paper dances before the eyes ; they 
become dimmed, the head heavy, and the back strained, as the body 
of the reader endeavours to go with each motion of the carriage ; but 
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as the motions are compound ones, the efforts are in yain, and the 
consequence is, a dnlness is felt for an hour or so, after emerging from 
the station. This slight affection is produced daily, for years, and 
slowly yet surely undermining the health, we get accustomed to it, 
and the bad effects, if observed at all, are not traced to their first 
cause until too late. I regret to say that I can in my limited circle of 
friends, number a few such cases. 

The constant jerking and vibration of the Post-oflSce van must 
render the labours of the Sorting-Clerk exhausting both to body and 
mind, particularly as his services are rendered during the night, and 
the principal part of the time standing. Sir Francis Head, as he sat 
reclining and ruminating in a comer of what he called a Flying Post- 
office, remarked, that m consequence of the rapid rate of travelling, 
the bags which were hanging from thirty pegs on the side of the van 
had a tremulous motion, which at every jerk of the train was changed 
for a moment or two into a rolling or pendulous movement, like towels 
or cloths hanging in a cabin at sea, or the dancing of a hat suspended 
from the roof of a second class carriage. 

Even the most ardent admirer of our present carriages, and the 
warmest advocate for things as they are, will admit that it would be 
well to have our carriages lower, without reducing the size of the 
wheels; and desirable to reduce the unpleasant motion so much com- 
plained of, to that of a smooth and uniform motion. Yet I cannot 
shut out from my mind, that there are difficulties in the way of the 
change. But I have a hope, as I look at the drawing of the Rocket 
of 1829, and read the opinions of the men of eminence then, in refer- 
ence to the locomotive, and to employing it on railways, how it was 
called a hopeless project; the idea of its ever being able to draw a 
train of 20 tons at the rate of 12 miles an hour, was ridiculed, and 
stigmatised as absurd. Yes, I have hope, as I turn to the locomotive 
of this day, and gaze upon the wonderful improvements which have 
been made, and are being made on it, that engineers will turn their 
attention now to the long neglected carriages. 
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In the after discaBsion, 

Mr. Page being asked to explain how he would attach the brakes to 
the Victoria Carriage, said : — The well-known brake, which is almost 
the only power arailable in retarding the train, has some serious 
defects. It is described as a screw and lever apparatus, fitted 
with wooden blocks, to embrace the wheels, on one or both sides. 
When applied, the action of the springs is stopped, and there is some 
chance of the wheels getting off the rails ; the wheels acting against the 
rails tear the surface, and the peripheries are ground into a number of 
flat surfaces which of course increase in number with the stoppages, 
until it^is necessary to turn or grind the tyre to its proper shape. Of 
course where a number of brakes are employed, the mischief is in- 
creased, and it has been asserted that the annual cost of replacing the 
tyres, only of a brake-van in constant use, is upwards of £20. 

The highly-polished surface of the wheel, sliding on the equally 
polished rail, does not afford the amount of retardation found necessary 
to stop a train as quickly as is desirable. Friction on the rails, and 
not on the wheels, is what is required, and to apply the brakeing force 
direct to the rail, independent of the wheels, is no doubt the most direct 
mode of proceeding, which, when properly arranged, ought to lessen the 
risk of the wheels leaving the rails. 

A brake on this principle would remove the objection which it 
appears is now made to the universal use of the steel rails, for the 
wheel, when acted upon by the brake, does not take sufficient hold of 
the rail, particularly when the tyre of the wheel is also of steel ; and I 
am informed that the locomotive builders have, in some instances, lately 
received orders to make the tyres of those wheels to be acted upon by 
brakes, of iron, such as the wheels of the tender ; and it appears also for 
the same reason that there are some objections to the steel rails in 
station yards. This seems to me to be a very serious objection, for if at 
the station, where means are taken to check the speed gradually, the 
steel rails afford little assistance to the brakes in retarding the train, 
what will be the result on a line of steel rails should there be a sudden 
danger of a collision. ^ 
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It is to be regretted that there should be even the slightest objec- 
tion to steel rails, as the results of recent experiments show their 
extraordinary strength and toughness. At the Oamden Town Station, 
where steel and iron rails were laid for about five years next to each 
other, a practical result has been obtained, showing the positive saying 
in the use of steel rails, as one of those in the road which had not been 
turned, was only worn about one-fourth of an inch along its top, while 
22 faces of iron rails were completely worn. 

It is a well-known fact that steel tyres when acted upon by brake 
blocks become so very hard, on their bearing surfaces, that it is a most 
difficult operation to remove the hardened skin which is formed on 
them, and much ingenuity and money have been expended in overcom- 
ing the difficulty experienced in turning or grinding them to a true 
shape. 

An eccentric brake, I think, meets some of the objections to the 
present machine used for retarding the train, and to show its applica- 
tion, I submit a sketch of one, Plate YU.A, placing it behind the 
engine, or brake van. 

The brake-wheel is made hollow, and filled up with timber, the end 
grain of which is brought in contact with the rail. 

The engine-driver, the first generally to see the danger to a train, 
can in an instant, by bringing the point D in contact with the rail, 
cause the break to turn until it arrives at the point B, where it can be 
held by a paul or catch on the rod; by disengaging the rod, the 
brake will revolve and return to its former position. 

When the point B is on the rail, the hind end of the framing of the 
engine is slightly raised, and some of the weight taken off the running 
wheel next to it, which weight is transferred to the brake, making it 
press as hard on the rail, as may be thought desirable. 

On the one axle there are two brakes, one on each side of the engine. 

Mr. Do^vNiE said that at first he had a difficulty in regard to 

applying the brake to the train. Those high wheels showed no 

* means of doing so, and he was driven to the opinion that Mr. Page 

depended upon brakeing the train by means of the engine and tender. 
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The brake shown, however, he thought might be of use on any of the car- 
riages, but he was afraid it would come rather suddenly into action. 
He was of opinion that, if the train were running thirty or forty miles an 
hour, the sudden catch on the rails must give a certain amount of jerk. 
It seemed very simple, and showed that there was a very large amount 
of the wearing surface of end wood, shown in the drawing as fixed in 
the periphery of the wheel, of use for brakeing — ^as much as three- 
fourths of it. He did not know whether it was applicable to a train 
going backwards as well as forwards. 

Mr. Page said it could be used either way. 

Mr. DowNiE — That seemed to him to remove much of the difficulty of 
the matter. He thought the arrangement Mr. R. D. Napier had made, 
of differential leverage, (a model of which was now on the table,) could 
be applied to brake the whole of the carriages in the train. It was 
automatic in its action, so that the objection of intense ^'skidding" at 
the tender-wheels and brake-vans, thereby cutting up the wheels, &c., 
and damaging the rails would be obviated, as it could be made use of all 
through a train of carriages with much lessened intensity, but greater 
efficiency, owing to the increased rubbing surface presented. It might 
be under the control of the engine-driver or the guard, and no doubt 
would be a great saving in the wear and tear of the rolling stock. 
With regard to the Victoria carriage, he thought that it met an 
objection made ui a former discussion, to the buffing being at the 
top of the carriage, there would be no difficulty in connecting this 
kind of carriage with present rolling stock, in the manner shown. 
He would like to ask Mr. Page about the bogie-frame. He observed 
it was a single axle bogie, after the plan of Mr. Bissell, which was 
sketched on the drawing. Mr. Page had introduced Mr. BisselFs 
arrangement, so as to go round curves without any danger. He 
thought this would be of great importance in securing safety for those 
very long carriages. He held that it was necessary in such car- 
riages as they had on the Great Western of Canada, (some of which 
were sixty feet long,) but they had four-wheeled bogies. He thought 
there were many things in favour of the new carriage, provided they 
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made its framework strong enough. While thej were bung bo low 
as to be easily reached without any platform, they were also suffi- 
ciently low to be covered, so to speak, by the ordinary engine and 
tender from the effects of atmospheric resistance in a very great 
measure; and it \^as quite evident that the tractive power required 
to drag them would thereby be very much reduced, and the power 
being thus utilised, engines would be able to draw heavier trains, and 
thus no tonly economy, but more accommodation and of a better kind, 
would be obtained by using Mr. Page's plan of carriage. He thought 
that no carriage at present in use on any of the railway lines in this 
country could compare with it in comfort to the passengers for a long 
journey. 

The President supposed that Mr. Downie's objection to the brake 
might be met by allowing it to come gradually into action. 

Mr. DowNiE had no doubt that it might be arranged so as to come 
gradually into use like a wedge-brake. 

Mr. Page said it was hung eccentrically, so that the greatest part 
of the weight of the engine or tender was gradually raised until the 
brake came to the point B. There is very little danger of its going 
out of order, as its parts are few, simple, and strong; but he might 
state that he had been driven to this form, inasmuch as he could not 
put a brake on the Victoria carriage, but must put it to the engine or 
tender, or on a brake van. 

The PREsroENT said, that irrespective of being driven to it, if he 
could bring it into action gradually, it would be an effective brake. 

Mr. Page replied that sledge brakes between the wheels had been 
tried ; but even in the centre there was an objection raised to them. 
In many cases they had to back the train before they could get it out 
of gear. 

Mr. DowinE thought Mr. R. D. Napier's differential brake might 
be applied to a whole train of carriages with great ease, and be 
perfectly under control. He would put on separate frictional brake- 
wheels, of 10 or 12 inches diameter, on each axle. 

Mr. Page said that Mr. R. D. Napier's plan was most ingenious, 
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and decidedly the best of its kind, althoagb it retained some of the 
defects of the brakes at present in use. He thought the fine dnst from 
the road would find its way between the working parts of the brake, 
and perhaps soon wear them away. 

Mr. DowNiE asked whether the cost of the Victoria carriage would 
bear comparison with that of the carriages at present in use — say the 
« Ashbury." 

Mr. Page had not accurately calculated the cost, but he believed 
it would not cost more than the " Ashbnry." The bottom carriage 
was done away with in it, and the buffing apparatus was much more 
Bimple in the new carriage. 

The Pbesidemt said that the new carriage met the difficulty of the 
railway companies, as it would interlace with other carriages in a train 
with ease. 
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0/1 the Bate of a Clock or Chronometer at influenced by the mode oj 
Suspension, 

Bj Professor Sir William Thomson. 

(SEE PLAXE VIII.) 



Bead 27th February, i867. 



It is well known that the rate of a chronometer, a clock, or a 
watch may be altered by altering its mode of support. Qn land, clocks 
onght to be fixed in as solid a manner as possible, so as to prevent 
vibration, either by their own actioa or from extraneous causes, from 
being communicated to the supports of the pendulum. Even the best 
astronomical clocks hitherto made are very badly arranged in this 
respect. 

A marine chronometer or watch exhibits in a very striking manner 
the effects of varying the mode of support. A watch which keeps 
very good time when carried in the pocket, or laid on a soft pillow, 
will go at a different rate if laid on a marble slab, or on a hard board. 
These variations of rate are not due to any imperfections of the balance 
wheel or mechanism of the watch or chronometer; but arise from 
reaction due to the motion of the moving parts. A well balanced 
watch will go equally well whether supported in a vertical or horizontal 
plane ; and a well made watch will, I believe, not be subject to uncer- 
tainty of above a quarter of a second per day, if carried about in the 
pocket all day and put under the pillow at night. This I can testify 
from experience of a good pocket-watch which I have tried now for 
nearly two years; indeed, a good pocket- watch, if well treated, is 
comparable in its performances with the best marine chronometer. 

I was very much struck some time ago by a remark made to me by 
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Mr. Archibald Smith, of Jordan Hill, regarding a demi-chronometer, 
with detached lever and compenBated balance, presented to him by the 
Admiralty for the voluntary assistance he had given them in working 
out methods for adjusting the compasses of iron ships. Mr. Smith 
found that this watch was going well, until one day he observed 
it had gained 1 5 seconds, the reason of which he could not explain 
until he recollected that instead of its having been put under the pillow 
as usual, it had been hung up in a suspended watch-case. 

The question now arises, what is the cause of these variations, and 
how on dynamic principles are they to be explained. The dynamics of 
the subject is indeed very simple, and can be easily reduced to a well 
known gener&l problem. 

A simple pendulum when it vibrates through a very small arc, 
vibrates according to the law of simple harmonic motion. Take a spiral 
spring, with a heavy weight hanging by it, stretch it a little and let it 
go, and it vibrates according to the same law. The vibrations of a 
tuning fork, or any other instrument giving a similar musical sounds are 
also according to the law of simple harmonic motion. Another case of 
simple harmonic motion we have when the piston moves to and fro in a 
cylinder, the head of the piston rod being guided by a cross-head and 
slides, and the crank and fly-wheel making one revolution for every 
backward and forward movement of the piston. The balance-wheel 
of a watch, vibrating to and fro through a certain angle, is approxi- 
mately a simple, harmonic motion. The longer the hair spring is, the 
more nearly it will approach to simple harmonic motion, and it will 
keep time the more accurately. 

Now, against every change of motion of a body there is a certain 
reaction, and every motion to and fro of the balance-wheel of a watch or 
chronometer reacts upon the case of the watch or chronometer ; and if 
the case is so suspended as to be free to vibrate, the motion of the balance- 
wheel will generate a vibration of the whole, so that we have two motions 
to consider, — one, that of the balance-wheel, inside the watch; the other 
that of the whole watch except the balance-wheel. Upon the mode of 
suspension of the watch or chronometer will depend the nature of the 
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vibration which it takes up and the resultant effect upon the rate 
The rate is accelerated or retarded according as the vibration of the 
case is in the opposite direction to that of the balance-wheel, or in the 
same direction ; and the amount, whether of acceleration or retarda- 
tion, may be as much as a minute an hour, as I hope to demonstrate 
to you practically. 

If a watch or chronometer be allowed extreme freedom to move, it 
has always a faster rate than when the case is held quite fixed. Mr. 
Archibald Smith has made experiments on this point upon a pocket 
watch, with chronometer escapement and compensated balance, and 
found that the moment of inertia of the frame was ^^th of that of the 
the balance-wheel, from having observed that when hung horizontally 
by a long thread it had a gaining rate of some 67 seconds in the day. 

Observations made by Daniel Bernoulli on the sympathy of vibrations* 
manifested by the pans hanging from the two ends of a common 
balance, and the solution by Euler of the particular problem thus 
presented, seem to have originated the great dynamic problem of the 
vibrations of stable systems. 

When a system of particles displaced from a position of equili- 
brium experiences in consequence, forces in Kiraple proportion to the 
displacements of its different parts, iis motion may be thoroughly 
investigated by a generalisation of this problem of Bernoulli and 
Euler. The solution involves an algebraic equation of the same 
degree as the number of independent motions which may be given to 
the system. When the roots of this equation, which are necessarily 
all real, are all positive, the equilibrium of the system is stable. It is 
convenient to confine our attention to this case ; but it is interesting 
and important to remark that all the statements we make in reference 
to it are applicable, by a proper mathematical extension of the lan- 
guage, to cases of unstable equilibrium. Each of the roots of this 
algebraic equation used in other formulae belonging to the solution 
determines a particular proportion of different possible displacements, 

* See a Paper " On the Sympathy of Pendulums," by Mr. Archibald Smithy in 
th« Cambridge Mathematical Journal. No. IX. May, 1840. 
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which, if made simultaneously, will give rise to corresponding forces 
of restitution, according to the following condition. The system, 
starting from rest in its displaced configuration, will, under the 
influence of these forces, move so as to diminish the displacements 
of all its parts in the same proportion. Thus all the displacements 
will come to zero simultaneously; and therefore the system will 
move precisely through its configuration of equilibrium. There being 
no frictional or other resistance, it will oscillate^ach displacement 
varying from maximum positive to maximum negative according to 
the simple harmonic law ; the system passing, twice in each period, 
through its configuration of equilibrium, and being twice for an instant 
at rest in the configuration of extreme displacement on either side. 
This is called a fundamental mode of vibration. There are as many 
such fundamental modes as the system has of degrees of freedom to 
move (independent variables). Every possible motion of the system 
may be resolved into simple harmonic vibrations according to these 
fundamental modes; or the superposition of simple harmonic vibrations 
according to the fundamental modes, will give any possible motion of 
the system. The arbitrary circumstances of displacement and projec- 
tion by which any possible motion of the system may be instituted are 
producible by giving proper values to the energies and proper times to 
the epochs of maximum displacement of the component fundamental 
modes. The squares of the periodic times of the fundamental modes 
are the roots of the algebraic equation referred to above. In particu- 
lar cases, some of these periods may be equal to one another ; or all 
may be commensurable. In general, however, the periodic times of 
the fundamental modes are all different and incommensurable; and 
then none of the compound motions — that is to say, no motion ex- 
cept one or other of the fundamental modes — is periodic. The 
mathematics of the problem, including proofs of these results, will be 
found in the first volume (now on the point of appearing) of Thomson 
and Tail's Elements of Natural Philosophy. 

The theory is not limited to systems presenting a finite number of 
independent variables, such as two in the cases we are about to consider 
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more particnlarly, bat is applicable to flexible or elastic bodies and 
fluids; and to complex systems presenting a finite number of inde- 
pendent variables, on account of solid bodies or material particles, 
and infinite numbers of variables, due to flexible, elastic, or fluid 
matter, inflaenred by them. It includes, for example, the well-known 
dynamical theory of the vibrations of a stretched cord, of air in an 
organ pipe, or of water in an open basin of any shape. In the first 
two of these cases the periods are all sub-multiples of the gravest 
fundamental modes, whence the explanation of the harmonics of 
musical cords and of wind instruments ; whence also the fact that a 
stretched cord struck or disturbed in any manner takes a perfectly 
periodic motion, and gives a true, although not a pure and simple, 
musical sound, with the peculiar character of the violin, pianoforte, or 
harp, depending on the way in which the vibration is excited. But 
the fundamental modes of vibration of an elastic solid— for instance, a 
stiff metal bar, or a stiflf spiral wire (as the "bell" of an American 
clock), a sheet of metal, or a common bell, are incommensurable. 
Hence these bodies cannot give any true musical sound other than 
a pure and simple harmonic note. A large sheet of metal, or a 
gong, or a drum, when struck, produces an infinite number of dis- 
cordant notes sounding simultaneously. But in the last-mentioned 
case, the gravest of the fundamental notes predominates more 
decidedly than does any one of the fundamental notes in the two 
other cases; and thus a drum gives a nearer approach to a true 
musical sound than a sheet of brass or a gong. 

An excellent illustration of the general theory is presented by the 
double pendulum— one pendulum hung from the weight of another — 
Plate Vni., Fig. 1 . If we admit only vibrations in one plane, the system 
has two degrees of freedom to move. The determinant equation becomes 
a quadratic with two roots, necessarily unequal. The mathematics need 
not be given here ; but may be advantageously worked out as an exer- 
cise by the dynamical student. In the graver fundamental mode the 
two cords deviate always in the same direction from the vertical; 
the lower through a greater angle than the upper. In the quicker 
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fundamental mode, the two deviate in opposite directions. The 
period of the graver fandaraenlal mode is always longer then that of a 
simple pendulum, of length equal to that of the longer of the two 
cords ; the period of the quicker fundamental mode is always shorter 
than that of the simple pendulum, equal in length to the shorter cord. 
If the upper mass is much greater than the one hung from it and if 
the two strings be not approximately equal in length, the two funda- 
mental periods differ but little from those of simple pendulums equal in 
length to the two cords respectively. The diagram — Figs 1 to 5, Plate 
VIII. — illustrates the circumstances in the cases ; first, when the upper 
cord is considerably longer than the lower ; and second, when the lower 
cord is considerably longer than the upper. In each case OA is the 
length of the simple pendulum vibrating in the same period as that of the 
fundamental mode represented. 

Case I. 
Figure 2 represents the first or graver fundamental mode; the 
period of the upper pendulum C P' bemg made somewhat graver by the 
influence of the lower, which, in the course of the vibration, always 
exerts a force upon it from its middle position. Figure 3 represents 
the second or quicker fundamental mode ; the vibration of the upper 
pendulum being in this instance excessively small in comparison with 
that of the lower, and forced, by the influence of the latter, to a 
period much smaller than its own would be if undisturbed. 

Case II. 

Figure 4 represents the graver mode ; the vibration of the upper 
pendulum through but a very small arc in comparison with that of the 
lower, being augmented by the influence of the lower, which, in the 
course of the vibrations, exerts a force upon it always from its middle 
position. Figure 5 represents the quicker mode; the vibrations of 
the upper pendulum being made somewhat faster by the influence of 
the lower, and the lower being influenced so as to vibrate as if it were 
shortened to the length O A, which is somewhat less than the length C P'. 
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If F consisted of the frame and work of a spring clock, and F P were 
its pendnlam, then, in Case I., the vibrations which wonld be main- 
tained by the actions of the escapement wheel wonld be that repre- 
sented by fignre 3, and the clock wonld go faster than if its frame 
were perfectly fixed. In Case 11., the vibrations maintained by the 
escapement wonld be those represented by figure 4, and the clock 
wonld go somewhat slower than its proper rate. Case I. could never 
occnr in practice, but may be experimentally illustrated by hanging 
the works of a clock on a light stiff frame, moveable round a horizontal 
axis. Case II., figure 4, with C P' much shorter in proportion to P' P 
than shown in the diagram, represents the actual circumstances of an 
ordinary pendulum clock, which, owing to want of perfect rigidity of 
the frame, must experience a little of the influence of the pendnlum in 
the manner there illustrated, causing the rate of the clock to be some- 
what slower than it would be if the support of the pendulum were 
absolutely fixed. The clock cases of the I>est astronomical clocks are 
very ill adapted to give the steadiness necessary for good results; and 
it is wonderfnl that their performances are not even worse than they 
are found to be. The pendulum ought to be hung from a massive 
stone or metal support, attached to a stone pier, such as those used 
by astronomers for bearing their optical instruments. There can be 
no doubt but that the use of this simple precaution, and the making 
the pendulum many times heavier than has been hitherto used, would 
render the performances of an astronomical clock, even with a Graham's 
dead-beat escapement, not merely two or three times better than those 
of a good watch carried about in the pocket, but ten or twenty times 
better, which it certainly ought to be in its immensely more advantageous 
circumstances. A good marine chronometer is probably little less 
accurate than the best astronomical clocks of the present day. It seems 
strange that snch a very great improvement on Graham's dead-beat 
escapement as either the chronometer escapement, or the detached 
lever, constitutes, should not yet have been applied to the astronomical 
clock. The mercury compensation pendnlum, although very bad, 
cannot probably be blamed for the sadden variations of rate, amount- 
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ing sometimes to as mach as two-tenths of a second a-day, to which 
the best astronomical clocks at present in nse are subject. 

If a chronometer is suspended in tlie manner shown in Fig. 6, 
I find I can make it go fast or slow as I choose, by shifting the 
points of support nearer to or farther from the centre. When th0 
upper points of support are very near, the time of ribration of the 
chronometer as a whole, when turned a little round its vertical axis 
from the position in which it hangs in equilibrium and let go, Ss 
much longer than that of the balance-wheel. When left to itself, with 
the chronometer going, the reaction of the balance-wheel, through the 
spring, against the frame, gives rise to a vibration, illustrated by Fig. 3, 
in which the balance wheel and the rest of the chronometer vibrate 
round a vertical axis always in opposite directions. The effect of sus-> 
pension in this instance is to make the watch go faster than when itiT 
case is held perfectly fixed, but this effect is smaller the nearer the upper 
points of support are. The circumstances of the extreme case whetf 
tbey are as close as possible, are best realized by hanging the chrono- 
meter by a long single cord, from a fixed point, by means of a sling 
or two or three cords attached to the chronometer and so adjusted as 
to keep its face horizontal : thus giving the frame perfect freedom to 
Bkove round a vertical axis. The permanent effect is then such, that 
the balance wheel and the rest of the chronometer oscillate in opposite 
directions through ranges mversely as their moments of inertia. The 
period of this vibration is the same as that which the balance-wheel 
would have if the length of the hair-spring were diminished to the 
same proportion to its whole length that the moment of inertia of 
the chronometer with the balance-wheel free bears to the sum of this 
moment of inertia and the moment of inertia of the balance-wheel 
round its own axis. The period of vibration will be diminished accord- 
ing to square-root of this ratio. Thus, if the moment of inertia of the 
ehronometer is 617 times that of the balance-wheel, the period will be 
Vff^, or less than \i^ of the proper rate : or the chronometer will 
gam. one second in 1299 or about 67 seconds in the twenty-foar hours. 
This was the result observed by Mr. Smith, from which he inferred 
the moment of inertia of the pocket chronometer referred to above. 
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If, on the other hand, the npper points of support are pat very 
wide apart, the vibration maintained is of the same character as that 
illustrated in figure 4, and the watch goes slower than its proper rate. 
The farther apart the points of support are the less is this effeet, as 
the circumstances approach more nearly to a perfect fixing of the 
frame. 

If now, commencing with the upper points of support very close 
together, we gradually increase the distance between them, or, starting 
with them very wide apart, we gradually diminish the distance, a 
certain critical arrangement is approached from either direction, and 
the gaining rate in the former case, or the losing rate in the latter 
case, is augmented. This critical arrangement is such that the perioci 
of vibration of the suspended chronometer, when set to vibrate by an 
external disturbance, is approximately equal to the period of vibration 
of the balance-wheel. When the upper points of support are adjusted 
to produce it, and the chronometer, going, is left to itself, the action of 
the internal prime mover will bring the whole into a state of vibration, 
which may be either the first fundamental mt)de (balance-wheel and 
frame-work vibrating in the same direction), in which case the chrono- 
meter will have a losing rate, or the second fundamental mode 
(balance-wheel and frame vibrating in opposite directions) in which 
case the chronometer will have a gaining rate. The gain or loss may 
amount to as much as one second in sixty or eighty with an ordinary 
ship chronometer, taken off its gimbals, or a pocket detached lever 
watch. The amount of the effect will of course be much less for a 
marine chronometer, not removed from its gimbals, but suspended 
by cords attached to its outer case, on account of the great additiou 
of moment of inertia due to the outer case. With a marine chrono- 
meter, or any watch having a chronometer escapement (Harrison's), 
or having a duplex escapement, the seconds hand jumps forward once, 
and one comparatively loud beat is heard, for each period of the balance- 
wheel; and thus it is easy to see whether the watch, when suspended, 
is vibrating according to the first fundamental mode (losing), or the 
second mode (gaining), by noticing in which direction the visible motion 
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is at each beat of the escapement. With either of these kinds of 
escapement the experiments above described are liable to stop the watch 
when the npper points of support are adjusted for the critical arrange- 
ment. Thus, for instance, if the points of support have first been too 
close for the critical arrangement, and are gradually separated until the 
vibration of the frame becomes very large, a great gain of rate is 
produced; and if the distance is then a little farther increased, the 
watch will often stop : if then a slight impulse round the vertical axis 
is given to it to start it^ it will commence vibrating according to the 
first fundamental mode, with a largely losing rate. The other corres- 
ponding result is obtained by commencing with the points of support 
too far asunder for the critical arrangement and bringing them 
gradually together. 

Without exciting independent vibrations of the chronometer or 
watch as a whole, and counting them, it is easy to perceive whether 
the circumstances approach the critical condition, by applying the 
hand to steady the watch, and then observing the phenomena pre- 
sented when it is left to itself. If the upper points of support are 
either much too wide apart or much too close together for the critical 
arrangement, the watch-case will not take any regular harmonic 
vibration, but will make a slight (perhaps scarcely perceptible) jump 
once every semi-period or once every period of the balance-wheel, 
according to the character of the escapement. But if the upper 
points of support be set approximately to the critical arrangement, 
and the watch brought to rest and left to itself, it will be seen to 
commence vibrating through a gradually wider and wider arc until a 
maximum of vibration is attained. The amplitude of vibration will 
then diminish, but not to zero ; will increase to a second maximum 
smaller than the first ; will diminish to a second minimum not so small 
as the first minimum ; increase to a third maximum smaller than the 
second ; and so on, until, after several of these alternations, a sensibly 
steady state of vibration, very closely simple harmonic, is attained 
How nearly the critical arrangement is approximated to, may be judged 
by counting the number of vibrations executed from starting to the 
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first maximum, from the first maximum to the first minimum, and so 
on — ^the numbers being greater the nearer the adjustment is to the 
critical condition. I made these experiments first on board the Great 
Eastern during her last summer's cruise ; and it was curious, as an 
illustration of the general principle of the superposition of motions, to 
watch the various phenomena of vibration of the suspended watch 
presented, quite independently of the swmging due to the rolling of the 
ship. 

When the top points of support are arranged precisely to the 
critical condition, I find that the watch will, of itself, take sometimes 
one mode of vibration, sometimes the other. But a very slight devia- 
tion in either direction from the critical arrangement suffices to do 
away with this indifference, and to insure that, when the watch is 
steady and left to itself, it will take up either always the gaming 
or always the losing mode of vibration. But even then it may be 
compelled to take up either mode by properly-timed touches with 
the finger, and it continues vibrating accordingly when left to itself. 
Thus, when the top points of support are adjusted, either precisely, 
or somewhat approximately, to the critical condition, the watch 
may be made to go either faster or slower than its proper rate, 
by applying the hand to cause it to take up either mode of vibra- 
tion at pleasure, and then leaving it to itself. This last experi- 
ment ought not, however, to be pushed too far with a valuable 
chronometer, as the effort to make it take up a mode of vibration 
opposite to that which it takes up of itself, is liable to make the 
escapement-wheel trip and run round rapidly, escaping from the 
control of the balance-wheel and the escapement — this disturbance 
not being produced by any violent action of the hand, but by very 
gentle touches properly timed. No such derangement can, 1 believe, 
ever take place when the watch is hung in the manner described, and 
left at rest to take up whatever mode of vibrating it will, and no 
damage to the most delicate chronometer can result. 

The knowledge of those facts may be of advantage — first, in pointing 
out a simple plan for setting a chronometer without touching the 
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hands ; second, in showing how it onght to be supported, in regular 
use, so that it may go at a uniform rate and keep correct time. 
It is usual to place ship's chronometers on cushions, at sea, to guard 
agaifist damage to the works, from tremors of the ship. If the cushion 
be moderately hard, the chronometer's rate does not (as I have found 
by trials on board the Great Eastern) differ sensibly from what it is 
when the chronometer is laid on a hard board, the instrument being of 
course always kept on its gimbals in its heavy outer case. If, how- 
ever, the cushion is soft enough, the critical condition explained above 
may be reached or even passed; and great variations of rate in either 
direction may be produced. Thus, a certain degree of softness in the 
cushion may make the chronometer lose considerably, and a still softer 
cushion may make it gain considerably ; and cushions softer yet would 
make the chronometer gain, although not so much. It is possible that 
an improvement in the practical performance of chronometers at sea, 
may be attained by fixing the outer case of the instrument to a very 
heavily weighted base, this base being placed on an ordinary cushion. 

At the conclusion of the paper, in answer to questions by the Pre- 
sident, Mr. Day, and Mr. Davison, 

Sir Wm. Thomson said that the weight of the chronometer would 
influence the rate at which it would gain or* lose by the oscillation, so 
that it was better to have a massive watch than a light one, as the 
former was more likely to go well. No doubt, the rate of an ordinary 
watch-chronometer is very much affected by railway travelling. His 
own pocket-watch gained from four to eight seconds in journeys to 
London and back. The railway carriage vibration affected as a prime 
mover the vibration of the balance wheel, not merely as vibrations 
induced in the frame by the interior movement would do. If a 
chronometer case is well weighted, its performance will not be practi- 
cally injured by the influence which has been described. If it were 
firmly attached to the middle of a plank four-feet long, with heavy 
weights fixed near the ends, its rate would be sensibly the same as if 
its case were absolutely fixed, however this board is supported. To 
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nvoid damage from the tremors of the ship, this board shoald be placed 
on cushions, and strapped down, or lashed properly, for security. 

If a watch be hung on a nail, it depended upon the dimensions of 
the watch and the time of the balance-wheel whether it will go faster 
or slower than its proper rate. If, when hung on a nail and set to 
swing, it vibrated more rapidly than the balance-wheel, then the effect 
of the hanging would be to induce a slower rate ; but if when set to 
swing it vibrates slower than the balance-wheel, then when left to 
itself it will go faster than when the case of the watch is held quite 
fixed. A watch regulated to go correctly when hanging on a nail, 
(according to a faulty practice, sometimes followed, he believed, in 
watchmakers' shops) cannot be expected to go at even approximately 
the same rate as when carried about in ordinary use. 



Digitized by VjOOQIC 



Digitized by VjOOQ IC 



153 



On cm Improved Screw Steering Appa9*atu8 far Skips. 

By Mr. James Skinner. 

(see plate IX.) 



Bead 27th March, i867. 



Of all the numerons component parts of a vessel, one of the most 
important and essential is the steering apparatus. On it, to a great 
extent, depends not only the convenience of handling, but frequently 
the safety of the ship, and no other part of the fabric is exposed to so 
much tear and wear, for, be the voyage long or short, stormy or favour- 
able, the steering apparatus is in constant use. It will, therefore, be 
admitted that any real improvement in this useful machine is a matter 
of considerable importance, and well worthy of attention. 

Among the numerons systems at present in use, the best is undoubt- 
edly the right and left-handed screw, from its steadiness and power ; 
but this is liable to two grave objections, — ^the first of which is, that 
the power to move the rudder decreases in proportion as it is moved 
out of the centre line of the vessel, and, of course, as the rudder is 
moved out of the centre line and a greater amount of its area is 
exposed to the action of the water, in that ratio the resistance increases; 
so that, according to the present arrangements, we have a constantly 
diminishing power to meet a constantly increasing resistance. Again, 
as the power diminishes the speed increases, and vice versa ; and while 
the rudder is amidships, or nearly so, little power is needed to move it, 
and, therefore, it might with advantage be moved at a quicker rate, 
but we find that in the present arrangements it is slower at that point 

than any other. 

u 



Digitized by VjOOQIC 



154 On an Improved Screw Steering Apparatus for Ships. 

That this is the case with regard to the different modes of screw- 
steering gear at present in use, as well as to nearly all other kinds, 
will be apparent to any one who considers the matter, and that it is a 
fault in principle is equally clear. 

The improved steering apparatus is shown in Plate IX. 

Fig. 1 shows a side elevation. 

Fig. 2 shows a plan, the wheel being removed. 

Figs. 3, 4, and 5, show the tiller and guide-plate without the fram- 
ing, screw, or nut. In fig. 4, the rudder is amidships; in fig. 8, it is 
hard " astarboard ;" and in fig. 5, hard " aport." 

The tiller is moved by the guides BB. 

The defects of the present steering apparatus have been entirely 
obviated in the new arrangement — in fact, the case is entirely reversed, 
inasmuch as the power is increased as the rudder is moved over to 
either side, and the action is quicker when the rudder is amidships and 
not exposed to the resistance of the water which the vessel passes 
through. This is brought about by the use of curvilinear guides act- 
ing on the tiller, the form of which may be so arranged as to give an 
increased power to anj desirable extent aa the rudder is put over to 
either side. 

The s^econd objection to the ordinary screw-steering apparatus 
already referred to is, that the nuts having to exert their force on one 
side only, are snon found to wear loose and shake sideways in an 
unpleasant and injurious manner, and this is also overcome in this 
apparatus by the longitudinal guides on each side, which take off all 
strain from the screw and nut except a direct thrust, and so prevent 
the lateral movement. These guides have a large bearing surface, 
and they may be made adjustable at any time if required. 

In addition to these two chief advantages, the new plan has several 
others, such as greater simplicity and fewer working parts, dispensing, 
as it does, with the left-handed screw and nut, only one screw and 
nut being required. Its compactness is also a prominent feature, as 
it occupies only about half the space of the ordinary plan, and it may 
be arranged within a circular casing, of which the rudder-stock is the 
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centre, and it then occapies little more room than a common capstan. 
This form, althongh not that shown by the drawing, is that preferred 
by the inventor. 
A working model of the apparatus was exhibited. 

In the discussion which followed the reading of the paper, 

Mr. Mansel said he thoaght it a very good arrangement, and that 
it would be found to work well; he believed it was free from the 
objection to the right and left screw. 

Mr. A. Brown thought that with a screw of large diameter it 
would make a very good steering gear. There were fewer pieces to 
keep in repair than in the double right and left handed screw ap- 
paratus. 

Mr. DowNiE thought the strain would be very severe on the sliding 
block to resist the tangential movement of the single tiller-head lever 
in the groove. 

Mr. Brown said he thought it would be better to make it double- 
handed. It would lessen the strain and increase the power and effi- 
ciency of the apparatus. 

The President asked whether it had been used in any vessels ? 

The Secretary stated that he believed it had been fitted into some 
vessels, but he did not know the results. 

Mr. DowNiE said the question of cost, as compared with other plans, 
here stepped in. Its compensating power was much in its favour. 

The President did not think it would cost more than the right and 
left handed screw. One objection to it was, that a very little slackness 
in the block in the groove would allow it to swagger. 

Mr. Brownlee said if there was a well-fitted block there, it would 
not sheer for a long while. It must move in the arc of a circle. 
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On an Improved Steam River Ferry-Boai Jor Passenger 
and Cart Traffic. 

Bj Mr. Jdutjs Dbbwsen. 

(see plate X.) 



Bead 27th March, 4867. 



In these days of inyention and application of steam-power to almost 
every purpose as the best means of superseding manual labour, I have 
thought that the subject of steam ferry-boats adapted for our River 
traffic would be one not altogether uninteresting or unfruitful to bring 
under the notice of this Institution, as I think the time has now come 
when a revolution in this branch of our passenger accommodation is 
necessary, from the extensive alterations just made on the breadth of 
our River, and from the '^ signs of the times," as manifested by the 
desire of the community in having boats more in keeping with, and 
better adapted to supply, the rapidly increasing wants of a vast and 
extending traffic. 

Ton are doubtless all aware that, for these and other reasons, the 
Clyde Trustees have for some time been devoting much of their atten- 
tion to devising means for developing and accommodating their present 
gigantic passenger and general traffic by means of steam ferry-boats, and 
for a similar reason, other corporate and private bodies on the River 
have of late also determined to apply steam, as the most advantageous 
means of developing their traffic, and of superseding manual propul- 
sion. 

From the uniformity of the traffic at the different ferries on the 
River, as to variety, and I may say quantity, a boat fitted for one would 
fit all, and, bearing this in mind, I have strictly kept in view what 
I consider of essential moment in point of economy, viz., the carry- 
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ing of passengers in the same boat, and at the same time, as horses and 
carts, and general merchandise. Horse boats as at present used 
never being fully employed, it is plain that from the speed with which 
such a boat as that now before you would cross the River when fitted 
and driven by steam, (2 J minutes,) to carry passengers, and therefore 
do away with the present very tedious system of conveyance by means 
of small boats, would be a matter not only of the soundest economy, but, 
in my humble opinion, the best mode of overcoming the present exceed- 
ingly unsatisfactory and irregular, as well as dangerous, mode of con- 
veying passengers. 

I have in this design endeavoured to exhibit a boat capable of 
carrying with ease the whole traffic of any of our River ferries. From 
a careful stuJy of the traffic done for many years at our principal 
ferries (Govan, Renfrew, and Erskine,) I have no hesitation in saying 
that, for a successful boat, the great object to be aimed at is to 
have one sufficient to carry with ease all the traffic, and at the same 
time not an inch larger than is absolutely necessary — ^the conclusion 
I have come to is, that for a steam ferry-boat to carry four loaded 
carts, as those of either Govan or Renfrew at present do, would be 
far too large for our requirements, while that of Erskine would be 
simply ridiculous, entailing a wanton waste of money in its outfit and 
maintenance. The former two boats, by hand propulsion, carry, as I 
have said, four loaded carts, but occupy in crossing on the double 
journey, from twenty minutes to half -an hour, depending on the state 
of weather and tide. Fitted with steam, the boat I propose would 
carry only two carts, along with fifty passengers in the saloons on each 
side, but instead of twenty minutes or half-an-hour, 'as at present, 
it will perform the double journey in from five to seven minutes, so 
that a larger boat would only be incurring expense for no end ; and 
by only carrying two carts, the one goes in immediately behind 
the other, and thus prevents the tedious shifting and arranging neces- 
sary before starting. Moreover, it is not more than two or three 
times in a day that four carts come to the ferries all at once for 
transmission across, so that two carts may be said to be considerably 
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above the nsaal namber eonyeyed across at one time. In con- 
formity with this opinion I have fixed the dimensions at 40 feet long 
by 23 feet broad amidships, tapering gradually to each end to a breadth 
of 13 feet, while the size of Renfrew ferry-boat is only 36 feet by 18 
feet. You will thus see that, although this plan is only fitted to 
carry two carts, it is a little larger than the present boats ; the cause 
of this, I need hardly mention, is owing to the extra displacement 
caused by the engine and boilers, with their fittings, and also the space 
necessary for the passenger saloons on each side. 

The chief feature in this design which will readily strike the eye 
as differing from those of manual propulsion, is its oval form as 
already mentioned — which will secure for it increased speed, and 
greater steadiness, and be easier driven than the almost square, 
flat boats now in use. The bottom I have sloped oflF at each end, 
almost to the same gradient as the inclined beaches, to allow it to 
enter further in; and it is sloped in like manner from each side to the 
centre, to lessen the effect of the current against it while crossing ; 
letting the water have better clearance than if flat ; hence its impor- 
tance on a river which, like the Clyde, is frequently in flood. The 
bottom is amply protected from injury by four false keels, 4" x 3", and 
the sides by Brititsh oak fenders, 6" x 6", running the whole length of 
the vessel, and affixed to its sides by angle irons. 

Referring to the drawings, Plate X., you will see that I have ar- 
ranged the boat into seven water-tight compartments, by two bulkheads 
running fore and aft (supporting deck below cart wheels), and by two 
cross bulkheads at each end. These compartments not only render the 
boat much safer, but very materially contribute to its strength. Into 
the side compartment of one side I have placed the boiler, arranged on 
the multi-tubular system, and capable of bearing a working pressure 
of 55 lbs., as the best suited for raising steam on the shortest notice, 
and most economical of fuel ; and, from its shape, best adapted for 
such a boat. The funnel connected with this boiler (the only por- 
tion of the machinery above deck) is constructed on the principle of 
deadening the sound of the exhaust, which blows into it, and also of 
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extingaishiDg sparks — ^so ensuring the almost safety to hay or other 
inflammable goods while being conveyed across. The approach to the 
boiler for firing purposes is by a hatch on deck, and for repairs, by a 
door placed on the inside of the cabins. 

The Engines are on the direct-acting diagonal principle; two cylin- 
ders, each 9 inches diameter, 18 inch stroke, with reversing quadrants, 
worked from deck. It works two driving chains, one on each side of 
the boat, through a wheel and pinion on the Patent Frictional Gearing 
principle. The two chains I consider necessary, not only as affording 
additional security from accident over one chain, but in order to steady 
the vessel on entering the landing berth in windy weather. The 
engines are likewise placed under deck on the opposite side of the boat 
from the boiler. The wheel shaft crosses from the inside of one cabin 
to that of the opposite. Where this shaft pierces the water-tight 
compartments, it is prevented from interfering with their amenity and 
usefulness by working through stuffing boxes. On one end of this shaft 
a friction and chain wheel combined is placed, on the other end only a 
chain wheel. The chains are conducted ti) these wheels by a system 
of leading curves and pulleys as shown in drawings. 

I have already mentioned that the driving wheels are driven by 
Frictional Gearing, which principle I have adopted as the safest. This 
system will least disturb passengers; and, what is of still more impor- 
tance, it will not in anywise frighten restive horses while crossing ; it 
will reduce breakage to a minimum; and, from the great tear and 
wear it stands, will be by far the most economical, and the most 
applicable for a Steam Ferry Boat. 

The Platforms I have made 11 feet long x 13 feet wide, of J inch 
plates tarned up at sides, with five stiffening bars of "f" iron, 3i"4-3"x-iV', 
each ending in strong hinges which are bolted on to the hull ; they 
are in addition, lined with the same size of wood as the deck, and 
protected on end by the usual iron shield. Instead of these plat- 
forms being raised and lowered through the medium of the common 
long unwieldy poles, which prove such an obstruction in some of the 
present bouts to the inlet of carts loaded with materials requiring 
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much longitudinal space, such as wood and hay — ^I have placed 
gibes, which act more directly; the lifting chains are connected to 
the engine, and can at any time be thrown into motion without 
stopping, (as can also the driving wheels) by the turning of a handle, 
placed for that purpose under the easy reach of the man in charge. 
These gibes are so low that any cart may pass over the top of them, 
offering no obstruction. 

The Carriage Way is so high as easily to allow all machinery to 
be accommodated under deck; by far the most complete arrangement, 
in my opinion, as it entirely obviates the plan of placing the boiler in 
the centre of the space allotted for a cabin on one side, and the engine 
from interfering in the same manner on the opposite side. It allows 
for cabin floors to be sunk below the level of the deck; and thus 
a system of saloons of ample height has been arranged from end to 
end of the vessel without interruption, and combining the additional 
great advantage of only raising the top of these saloons a few inches 
higher than the sides of the present boats, a circumstance of much 
importance, as the man in charge has thereby a complete view of 
the river up and down. These saloons are each 24 feet long, six 
feet nine inches high, and five feet six inches broad at centre ; you 
approach them by a flight of three steps ; ample ventilation is pro- 
vided, and abundance of light from the sides. Objection may be taken 
'to having these saloons at all, but in a stormy day and when the 
boat is loaded with carts, they would prove of the utmost advan- 
tage. They would also prevent the possibility of umbrellas frightening 
restive horses; and, above all, be a source of comfort to the passengers. 
On the top of these saloons handles are placed, under command 
of the master: — viz., one for the throttle valve; one for disconnecting 
the drawing chains; one for raising and lowering the platforms; and 
one for reversing the engines. 

My views in making this design of boat were to do away entirely 
with the present use of small boats at those ferries where both horse 
boats and small passenger boats are used. In short, I combine 
the requisites for both; and, as at present at Renfrew, and I believe 
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at Go?an also, four men are reqaired at a time, whereas, in adopt- 
ing a steam ferrj-boat like this, one only is necessary at once-^ 
tiay two altogether. You have thas gained a clear saving much 
more than sufficient to clear the interest on the additional outlay o! 
money and the small amount of fuel it would consume (10 cwt. daily). 
And, in addition, you have a vessel that will last a lifetime, and up to 
the requirements of the age ; and having such, surely it is not too 
much to suppose that in this, as in almost all undertakings, the 
superiority of the accommodation and the speed will create an increased 
traffic. 

These designs I have adopted after a course of patient and long 
study of the various requirements of our ferries, and I venture to 
hope that you will have no difficulty in observing that I have adopted 
a plan differing widely in form from any now in use, and in arrange^ 
meat as greatly dissimilar ; yet, combining in its construction every 
convenience for our river traffic, and at the same time securing those 
additional and important advantages I have already described. In 
conclusion, I venture to hope that each individual member vriU, after 
a careful and unbiassed consideration, suggest any improvements which 
he may deem necessary to enhance its value. 

A neatly made model of the intended ferry-boat was exhibited at 
the meeting. 

After the reading of the paper, 

Mr. John McDonald said it appeared to him that the element 
of time had been lost sight of in the boat, as respected the crossing of 
the Clyde. 

The President said, Mr. Drewsen estimated that the boat would 
cross and return in five or seven minutes. He observed that there 
were means taken for lessening the noise caused by the discharge of the 
exhausted steam from the cylinder. It appeared to him to combine 
everything that anybody could desire for comfort and speed in cross- 
ing rivers. 



Digitized by VjOOQ IC 



for Passenffet^ and Cart Traffic. 16B 

Mr. DowNiE asked whether there was mach slack in the chains, and 
whether it was likely to impede free navigation of the river ? 

Mr. Brown said there was sufficient slack to allow the chain to 
drop, so as to prevent any vessel coming in the way. Besides, no 
steamer drawing mnch water wonld go so close to her as to ran any 
risk. The chains fall very quickly at the stem. He asked whether 
the vessel would not go across quite as straight with one chain as 
with two f 

Mr. Drewsen was of opinion that the two chains were required ; 
and that it would be easier to work the boat with two than with one 
chain. 

Mr. Brown conld not give a positive opinion regarding the vessel, 
as he had not seen the drawings ; but he considered the placing of the 
boiler under deck at one side, and the engine at the other, was a very 
good arrangement, provided the vessel was not too deep in the centre; 
but he thought the manner of placing the machinery would distribute 
the weight pretty well over the structure. His mind was no', quite 
made up in regard to the frictional gearing, about which there was a 
difference of opinion; but he did not doubt it would be a very good 
thing if there was no slipping. The arrangement of the platforms was 
certainly very good. He had no doubt that the saloons would be 
found very comfortable in stormy wet weather. 

The President said that the frictional gearing might be an open 
question; but did they not think that in this case it was well worthy 
of a trial? 

Mr. DowNiE did not think there wonld be the slightest difficulty in 
regard to the frictional gearing. Fifteen tons, and even heavier weights, 
were lifted by it every day, by cranes and crab-winches where it was 
applied, and in conveying such a vessel across a river like the Clyde, 
where there was little current, there was no heavy strain. 

Mr. Drewsen considered it an advantage that the frictional gearing 
was so much easier to disconnect. 

Mr. Brown would like if experiments were made to prove whether 
one chain or two would suit better for river traffic. At Southampton 
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he had seen boats a little larger than this, and they had generally two 
chains. The one chain guides and the other drives the vessel. He 
would also like to know whether condensing or non-condensing engines 
were better for the purpose. 

Mr. DowNiE could not see much difficulty with regard to the 
exhausted steam, from non-condensing engines, as it might be put 
under the water. 

Mr. Mansel said it could be directed into the water so as to make 
no noise at all. 

The President was of opinion that owing to the shortness of the 
passage, the non-condensing engines would be found to be best. 

Mr. W. R. Thomson thought that the chains might be considered 
an obstruction in the river. He was of opinion that the present means 
of propulsion of the ferry-boats in the higher parts of the river were 
superior to that of the steam ferry-boat proposed. 

Mr. Drewsen said that the chains were found to be no obstruction 
whatever. They were so heavy that they sunk sharp by either end of 
the vessel. 
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On tJie Theory and Practice of the Slide- Valve. 
By Mr. Thomas Adams. 

(see plates XI., XII., AND XIH.) 



Received 3rd, and read iOth April, i867. 



The relief of the slide-valve from the load which its construction 
necessarily imposes upon it, has engaged, and in some instances 
absorbed for a time, the attention of Engineers. The records of 
the Patent OflBec show that upwards of five thousand patents have 
been taken out for the accomplishment of this object, including 
amongst them many names of the highest distmction in Engineering 
And this forms but a fractional part of the number who have other- 
wise tried and failed. This is sufficient proof that there must have 
been some unknown cause, apart from its mere mechanical construction, 
operating upon the valve to prevent the successful accomplishment of 
an effect so unanimously desired. That this was so, there is now no 
longer any reason to doubt; for, upon principles hitherto unknown to 
Engineers, a slide-valve can be constructed which will work as easily 
with steam of any pressure on it as with steam off, and be absolutely 
steam-tight, and bearing on the face of it the impress of simplicity. 

With these preliminary remarks, we will proceed to inquire into the 
power absorbed in working the slide-valve. For that purpose we will 
select fig. 1, which represents the valve of a goods engine belonging to 
the North Staffordshire Railway Company, of which Mr. Jas. Johnston 
is superintendent, and which is a very fair specimen of the most 
improved proportions applied to the locomotive, viz., outside lap, 1^", 
inside lap, nothing; admission port, Ig"; exhaust port, 3^"; inside bar, 
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1"; outside bar, 2"; length of port, 14^"; width of end bars, IJ"; 
diameter of cylinder, 17"; stroke, 24"; pressure of steam, 140 lbs. per 
square inch. This engine has no difficulty in taking 70 waggons of 
goods between Liverpool and Derby. Fig. 1 is a section of the valve 
in middle position over the ports; fig. 2 is a plan of the same. The 
outer and inner edges of the valve, by their crossing the outer and 
inner edges of the ports, determine the distribution of the steam. If, 
then, we let fall lines m, n, Ac, from each of these edges at right 
angles to the plane of the valve's motion, and at any convenient dis- 
tance below describe semi-circles E, &c., equal to the travel of valve, 
divide these semi-circles into ten equal parts, corresponding to the ten 
equal divisions on the indicator diagrams. Let the pressure on the 
back of the valve be represented as positive pressure, and that on the 
face and in exhaust cavity as negative pressure; measure the horizontal 
distances from each division to the edge of port or bar, and find what 
section of surface of valve is exposed to negative pressure. That 
section, multiplied by the length of port, and by the corresponding 
pressure on diagram, will give the negative pressure, which, taken for 
the ten divisions, and their sums added and divided by ten to give 
their mean, and that sum subtracted from the total positive force, will 
leave the force available for friction, which, multiplied by the co -effi- 
cient of friction, and by the space passed through in feet per minute 
by the valve, and divided by 33,000, will give the horse power required 
to work the valve. 

Table No. 1 contains the negative forces represented by the larger 
of the indicator diagrams, Fig. 3. Table No. 2 those of the smaller 
diagram, corresponding to the ten positions of the valve represented by 
the ten equal divisions of the semicircle, each division corresponding 
also with its relative division on the diagram, from which the pressures 
are all taken. The first column is the number, the second is the sectional 
breadth, the third is the length in inches, the fourth is the pressure, 
in pounds per square inch, taken from the diagram, except when* the 
valve is over the extreme end bar, and then the boiler pressure of 140 
Iba. is taken. The fifth column is the second, third, and fourth multi- 
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plied into each other, which, being done for the four edges of the valve, 
their sam is taken, and that divided by 10 to give their mean negative 
force, which, being subtracted from the total positive force, will leave 
the positive force available for friction. Thns:— » 

11,053 + 5123 + 363 + 24,146 .^^^ ,. , 
j^ — = 4068 = negative force. 

16-75 X 10-75 X 140 ^ 25,208 

25,200 — 4068 = 21,140 = positive force available for friction. 

21,140 X -325 X 117 o.o « ^o/.u c - .- « i 

— ^ 33000 ~ ^ horse power= friction of valves. 

21,140 X -325 - 6870 = pull on valve spindle. 

-=? 22-6 X 2 sa 45*2 horse power = friction of eccentrics. 



33,000 

227 X 702 X 78 
33,000 



= 376 X 2 = 752 horse power of both cylinders. 



752— 95-5-^ ^^^^^^^^^=87 per cent. 

100 — 87 = 13 per cent, equal friction of valves and eccentrics. 

This is running in the first notch from full gear. Speed of piston, 
702 feet; load drawn, 335 tons. 

And of the smaller diagram and Table No. 2: — 
8428+4110 + 198 + 9-510 ^ ^225 = negative force. 

25,200 — 2225 = 22,975 = positive force available for friction. 

22,975 X 35 X 101 ^ g^.^^ ^ g ^ ^g,22 horse power = friction of valves. 
33,000 

22,975 X -35 = 8041 = pull on valve spindle. 

8041 X -15x724 _26-46x 2 = 52*92 horse power = friction of eccentrics. 
33,000 
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227 X 702 X 36-5 ^na c^ okcv. r u .i. i- j 
= 176 X 2 = 352 horse power of both cjhnders. 

852—102 =15^^J^=7I per cent. 

100 — 71 = 29 per cent. = friction of valves and eccentrics, when running 
in mid-gear. Speed of piston, 702 feet per minute; load drawn, 80 
tons. 

Thus we see that the combined friction of valves and eccentrics is 
practically a constant quantity, being in the first notch 95*5 horse 
.power, and in the middle notch 102 horse power, or 6^ horse power 
more when the cylinders are developing 352 hcrse power than when 
they are developing 752 horse power, and hence the absolute necessity 
of the application of a frictionless slide-valve to engines working a high 
grade of expansion; and it also shows conclusively, that a decrease in 
the travel of valve is met by an increase in the power absorbed in 
working the valve and its appendages. The author is not inclined to 
speak in definite terms as to tae general existence of this high per 
centage of friction, although in some instances he has got greater 
advantages than here represented ; but there can be no doubt what- 
ever that the co-eflficient of friction in actual practice is considerably 
less than that taken by starting the valve from a state of rest, which 
latter was the means employed for finding the co-efficients that have 
entered into the calculation. But it will be remembered that the positive 
force available for friction, divided by the number of square inches in 
the bearing surface of valve on cylinder face is the pressure from which 
the co-efficient is taken. See column 18, table No. 1, bearing surface 
in square inches, corresponding to 10 positions of valve, which, 
divided by 10, will give the mean bearing surface. But this valve of 
the North Staffordshire Railway compares very favourably with 
others of its class, some of which have 496 lbs. per square inch of 
bearing surface. 

Thus, for table No. 1:— ^iilL=: 350 lbs. per square inch; and 
6r4 
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22 975 
for table No. 2: '^' = 390 lbs. per square inch, which pressure 

gives co-efficients from a state of rest of *325 and *35, the metals 
being brass on cast-iron, and of the proportion which the valve 
spindle bears to that of the piston rod. Diameter of piston rod, 2|"; 
area, 6*410d"; diameter of valve spindle, 2}"; ar^a, 2-405d"; then, 

5-422— 2-405 = ^^^7,^f^^ = 55-6 and 100—55-6 = 44 per cent. 

the proportion of valve spindle to piston rod. 

Figs. 4 and 5 are plan and section of the valve just noticed, after 
having worked four months. The dotted line shows the original thick- 
ness, and the distortions, from a straight line, shows that the pressure 
has been enough to produce molecular motion of the metal. 

It will be seen that the greatest wear is not in the centre of the 
valve, but inclined towards the bottom by f". The author has 
observed, that in all cases of valves working vertically, the bottom 
side wears most. This is in a great measure owing to the combined 
force of the co-efficient of friction, and the weight of the valve and 
buckle. A vertical line represents the one, and a horizontal the other 
force, then the line of the worn cylinder face will be the component 
of the two forces. 

As fair specimens of what Engineers have done in their search for 
an equilibrium slide-valve, we propose to illustrate the means tried by 
Sir Daniel Oooch, Bart., when on the Great Western Railway; WaddeU, 
of the Cunard Company, Liverpool ; and Napier, and to endeavour to 
assign to each their relative merits in the case. 

Fig. 6 is the valve of Gooch, laid in middle position over the ports, 
the dimensions of which are: — ^Admission port, 2"; exhaust, 3^"; out- 
side lap, 1tV'> inside lap, ^V'* outside bar, If; inside bar, }"; length 
of port, 13"; valve over all, 15 x 11^". A is a piston working in a 
short cylinder, and exposed to the boiler pressure. It is connected to 
the valve by a link L, working on knife edges. The piston is 12" 
diameter, and contains 113 square inches. 

This valve, tested by the rule employed by the author for finding 
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the displacement of steam on the back of valve, reveals the fact that 
Gooch's piston ought to have been only 9J" diameter, and con- 
taining 75 square inches; and the difference between 113 and 75, 
multiplied by 140, the pressure is equal to a force of 6320 lbs. above 
the balance, showing that the piston was master of the valve, and 
pulled it clean off, the cylinder face having an excess of force of nearly 
2J tons, and this valve was supposed to be so nearly balanced as to 
require suspending on knife edges, lest the friction on round pins should 
have thrown it out of equilibrium. 

The rule which appears to have been employed here is, the length 
multiplied by the breadth, equal to 167 square inches, from which, 
subtracting the area of the two admission ports, there remains two 
square inches to hold the valve to the cylinder face, and to overcome 
the friction of the piston in the cylinder. 

Humphrys, of the firm of Humphrys & Tennant, of London, applied 
the usual packing rings employed by the Admiralty in the high pressure 
valves of the Mooltan, Peninsular and Oriental Company's steam-ship. 
He displaced the area of the valve less the area of the admission ports. 
The result was, that these valves did not work on their faces, but on 
their backs; for, on examining the valves when taken out, a sixteenth 
of an inch thick of congealed tallow and oil was accumulated on the 
faces, and this doubtless reveals the truth of the statement in Mr. 
Murray's paper, read before the Institution of Naval Architects, that 
engines so fitted by Hnmphrys worked more economically without 
than with the high pressure cylinder, and this Engineer fitted up and 
applied on board this same ship a hydraulic press, to reverse his so- 
called equilibrium valves. If Mr. Humphrys had desired to hold up 
those valves to silent derision, he could not have designed better means 
whereby to display his ingenuity, than the application of the most 
powerful machine known to Engineers, in order to give motion to a 
small body so suspended, as to be moved with the least possible amount 
of force. 

The firm of Ravenhill, Salkeld, & Co., applied two 24-inch diameter 
cylinders, open to the boiler pressure, to reverse the valves of 800 
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H. p. engines, notwithstanding they were called equilibrium valves, but 
the combined force of the two cylinders was not equal to the task. 

Fig. 7 is a section of Napier's valve, as shown to the author by 
Mr. John Penn. It displaces steam on the back of the valve, equal to 
the exhaust cavity. It contams the usual plates, set screws, and gasket 
packing. This was done by Napier so long as thirty-eight years ago, 
and had it not been for this system of packing with the laps used in 
those days, Napier would have had a practically frictionless slide-valve. 
The packing was the cause of the failure, for the valve itself contains 
the principle of a frictionless slide-valve. Comparing it with Qooch's 
valve, the displacement by Gooch is 113, by Napier 65, and by the 
author 75 square inches; but in some cases, as we will presently see, 
that by Napier and the author are much nearer to each other. 

Fig. 8 is Waddell's, according to his specification, and the tracing, 
hg. 9 is a half section of the same as applied by R. Napier & Sons, 
and kindly granted by them for this occasion. P is a plate fixed 
on the cylinder face, extending to the inner edges of the admission 
ports, V is the valve, H H are communication holes, and S S are steam 
spaces; the steam acting on both sides of the valve suspends it in 
equilibrium by a space equal to the exhaust cavity, exactly Napier's 
displacement, who did it twenty-four years before Waddell. 

Had Waddell stopped here, he would have had a very good valve, 
where there was space for its application; but, not being satisfied, he 
wishes to balance the area opposite the admission ports, to do which, 
he introduces a kind of packing much used by James Watt during the 
last century; and, in order to balance the difference between the pres- 
sure in the steam chest and that in the cylinder — which, with the amount 
of lap on the valve, is not more than 10 lbs. per square inch — he has 
to bring to his aid a force by set screws, equal to the length multiplied 
by the breadth of his packing, and by the total pressure, equal to 
.1-25 X 40 X 33 X 4 = 6600 lbs. That having been done, it has 
destroyed a negative force which would have otherwise acted on 
the extreme end bar equal to an inch, multiplied by the length 
= 1x31x2x33 = 2046 lbs , -which, added together, is equal to 
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8646, and this is the least amount of force with which Waddeil's valye 
can be made steam tight, equal to a force of 183 lbs. per set screw, 
and to those accustomed to setting up those set screws this will 
appear a very small amount. 

In support of these statements, the author purposes to bring before 
your notice some experiments made by him in order to determine the 
forces acting on the valve; and, first, of a perfect equilibrium slide valve. 
Mr. Zerah Golbum, of London, has for years past been telling 
en^neers that planes without ports require the same amount of power 
to move them, whether in a vacuum, in the open air, or in steam of 100 
lbs. pressure. The theory is doubtless correct ; but as cylinders have 
ports, and valves cavities, the delicacies of this fine theory are destroyed. 
In practice, nevertheless, it is fraught with knowledge to engineers 
seeking for an equilibrium valve, and they ought never to lose sight of it. 
Fig. 10. — ^Let F be the cylinder face, P the admission port, V the 
valve, with the exhaust valve entirely cut out; D the door of isteam 
chest, P false port in door and opposite true port; C a communication 
port through valve. The steam will act on the outside of this valve 
upon equal and opposite areas. The exhaust pressure of a high-pres- 
sure engine and the vacuum of a low pressure engine, will art on the 
inside upon equal and opposite areas. Let the valve move on to open 
the port, it at the same time opens the false port. Let the valve move 
on to full port and back again to the point of suppression, during this 
period, the varying areas exposed to pressure have been equal and 
opposite. As soon as expansion sets in by the closing of the port, a 
decrease of pressure within the port is the result; but the communica- 
tion port is open between the true and the false port, and during 
this time the areas have been equal and opposite, and now the steam 
exhausts from the true port; but it, at the same instant, exhausts from 
the false port, and as the valve proceeds to full stroke, the areas 
decrease equally. So, also, during compression on the opposite end, 
the communication port maintains the pressures on equal and 
opposite areas. Having performed a cycle of operations, it will be 
seen that the pressure cannot touch this valve on any one point without 
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toachlng it on an equal and opposite point, under any variation of force, 
without touching it on an equal and opposite point with the same force, 
and practically at the same instant of time — ^and hence a perfect 
equilibrium valve. 

A pair of these valyes worked two years and eight months on a pair 
of oscillating cylinders in a high-pressure boat, built by Smith of 
London for the Master Shipwright of Woolwich Dock Yard, without 
any repairs at all. 

A pair of those valves was applied to an inside cylmder locomotive 
on the London and Brighton and on the North London Railways. 
The valve in this case is made of three wedge shaped pieces, and 
embraced in the buckle, and forming a parallel block. 

The division plate had false ports in either side, and cast hollow 
to allow steam to pass from one end of the chest to the other. It 
was dangerous when running with steam, because the heat generated 
by friction, however small, gradually accumulates, producing an extra 
expansion of the valve, when seizing takes place, and then the valve 
spindles break. This also is a perfect equilibrium valve; but worked 
only a very short time. 

The first cost of these valves arising from so many faces being exposed, 
and from the fineness of the workmanship, is enough to preclude 
their general adoption. It is, therefore, not the valve best suited to 
practice, but something that will give and take to irregularities of 
work and unequal expansion of often times the same metals, and that 
will have no vegetable packing about it capable of being destroyed by 
the temperature and pressure. 

These valves have been fitted with packing in the same way as 
Waddell's valve, but these elastic packings would not last a day under 
the temperatures of the locomotive. It was introduced in the last 
century to meet the necessities of bad workmanship; but the work- 
manship of the present day is such, that any two surfaces of metal 
can be made absolutely steam-tight without the aid of packing. So 
that, whether for locomotive or marine purposes, the use of elastic 
vegetable packing ought to be entirely abandoned. 
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The next yalve for consideration is the author's, as applied by Mr. 
Cowan, superintendent of the Great North of Scotland Railway. 

Fig. 11 is a plan and Fig. 12 a section of valve laid over the ports, 
the exhaust cavity being cut out. The valve is built up so as to 
receive a ring in the back of it, the ring having a flange on the top 
of it, which works against thei door. It is secured in that position 
when running without steam by two small springs, the force -of which 
is on the ring and the resistance on the valve, which also prevents the 
valve from leaving the cylinder face. 

The steam in the chest acts on the lower surface of the flange of the 
ring, pressing it to the door. It also acts between the door and upper 
surface of the ring (notwithstanding they are scraped surfaces), and 
being of equal areas, the forces balance each other. The exhaust 
pressure acts on the top and bottom of the inside of the ring, and on 
equal and opposite areas, and balance each other, the ring being held 
in equilibrium. 

Fig. 13 is a section as applied by Mr. Cowan with the ordinary 
exhaust-cavity retained, with two half-inch holes in it to allow the 
exhaust pressure to act on both sides of the cavity as also on the ring. 
Mr. Cowan considered that where the steam-chest was deep it was 
prejudicial to the free flow of the steam to have the cavity cut out, 
because the steam, at the instant of release, lashes straight across the 
chest striking the door, and returning at about an angle of 140°, con- 
siderably retarded the freedom of the exhaust ; an opinion quite con- 
sistent with the flow of fluids. He therefore uses the ordinary cavity to 
guide the steam gradually round from the admission into the exhaust 
port. Recesses are made in the lap of the valve for the purpose of 
preventing the destruction of the film on the bars. During long 
periods of expansion they are filled when over the extreme bar, and 
again when over the port, but they never exhaust. Mr. Cowan also 
inserts an ordinary piston-ring in the ring proper for the purpose of 
making a steam-tight joint, dispensing with hand labour. This he 
also prefers to scraping the ring into its seat in the valve. 

Fig. 14 is a half plan, and shows the method of finding the displace- 
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ment of steam on the back of the valve. The steam acts on both sides 
of the valve outside the line of displacement, X Y, on equal and oppo- 
site areas, but it also acts on the spaces S S', which are neither. equal 
nor opposite, S having the pressure on the face and not on the back, 
while S' has the pressure on the back and not on the face. It is 
required that they should balance each other, draw the line n n, leaving 
the spaces n n outside equal to the space m inside the line of displace- 
ment, bisect n o'mp^ and draw a line to the opposite angle, one-third 
that line will be the centre of action of space S, and measures 3-8" 
from the centre of valve. Then the area of the triangle, multiplied by 
the distance of its centre of action from the centre of the vake, which 
is the leverage with which it acts, will be equal to the area of S', mul- 
tiplied by the distance of its centre of action from the centre of the 
valve, which is the mean fulcrum of the forces, both positive and nega- 
tive, measured on the line of motion. Thus: — 

^'^^ ^ X 3-8 = 26-6 = S, and 

2-5 X 1-87 X 5 7 = 26-6 = S'. 

The exhaust pressure acts on the opposite sides of those spaces, 
but they also balance each other, because they also are multiplied into 
their leverages. 

Various sections of rings were used in experiments to determine 
the forces acting on their surfaces. The mode of procedure was as 
follows : — ^A good strong spring was put under it to keep it up to the 
door, steam of low pressure was let on, and all was tight, the pressure 
gradually rises, and at 26 lbs. a blow took place. The higher the 
pressure the greater was the blow. The ring was then taken out, and 
i" recessed out of topside, leaving only J" to bear against the door 
when the steam was again let on, and all was tight at and above 
2G lbs., but at 49 lbs. pressure a blow began, and the higher the pres- 
sure the greater the blow. The ring was again taken out, and another 
^" recessed out of the top, leaving only ^" bearing against the door, the 
steam being again let on, and it required 78 lbs. of steam to produce 
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a blow* The spring was taken ont and weighted to its working deflec- 
tion, when it was found to be practically equal to the area of the 
bearing surface multiplied by the pressure. 

The experiments which have been made leave no doubt whatever as 
to the existence of a film of steam adhering to the surface of the metal. 
The valve, in moving against it, slides over it, and so long as its tem- 
perature is maintained, it possesses all the energy of the surrounding 
steam. It is an elastic fluid possessed of energy ; it will therefore 
perform a given amount of work equal to its equivalent of heat, which 
it does in supporting the load as the valve moves over it, and when it 
is destroyed friction takes place. 

The author began by displacing the whole of the area on the back 
of the valve, except an amount on the comers equal to the area of the 
admission ports. The result of this trial was, that the valve left the 
cylinder face, and a blow of steam was the consequence. Ten rings 
of less and less diameter were applied, always bringing the valve away 
from the cylinder face, until at length it did keep the cylinder and was 
tight. The valve was taken ont and was measured, and the proportions 
of surface, back and face, are those given by the author's method of 
displacement. This experiment, like those of the ring, proved con- 
clusively that as you approach the balance of the valve, the action of the 
film on the bars comes into play, and this force must enter into the 
calculation for proportioning the opposing surfaces, otherwise no slide- 
valve can ever approach the state of the balance. These experiments 
show some of the shoals and quicksands that have deceived engineers, 
and this film force is the stumbling-block upon which all have been 
wrecked ; for given the relation of surface to pressure and almost any 
engineer would produce a frictionless slide-valve. Experiments were 
also made to determine what excess of force on the back of valve 
was necessary to destroy the interposing film. With steam of 
560'' temperature it was destroyed with 7 per cent., but with saturated 
steam of 10 lbs. pressure it required 34 per cent, and the setting in of 
friction is not uniform, but sudden. 

The fulcrum of l^oth positive and negative forces is continoally yary- 
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mg when tlie valve is in motion, the positive traversing about 1^ inches 
on either side of the centre of the valve, while the negative traverses 
the whole length of the valve during one revolution, and thus an 
incessant war is set up between area and leverage. At one time a 
greater area of negative force prevails, tending to push the valve from 
the cylinder face, when the positive force acts and prevents it. The 
valve is incessantly being thrown from the cylinder face, and as inces- 
santly being thrown to it. The molecules of the valve face can never 
embrace those of the cylinder face in the bonds of friction, but by it 
the valve is made to float on the fluid skin of the surfaces, and hence 
the ease with which it is moved. 

hk the after discussion, 

Mr. A. Brown asked whether Mr. Adams' slide-valve would act as 
well in a large marine engine, with a 40-inch port, as in a locomotive. 
Would the same principle apply? 

Mr. Adams said it would. The application of his valve would not 
obstruct the passages, and it was the same at any pressure. In his 
experioients as to friction, he found that the co-efficients were not 
quite so great with a marine engine as a locomotive. The temperature 
waa the main element which affected the co-efficient of friction. 

Mr. D. Rowan said he was a little disappointed to find that there was 
nothing new to him in Mr. Adams' valve. The fact was, he had been 
In the habit of making a valve for marine engines, almost identical with 
Mr. Adams', for the last dozen years or more. He had made them 
for 70-inch cylinder engines. He had at first adopted the method of 
cutting out the back of the valve, as the cylinder and valves of marine 
engines were not subjected to so great a pressure as those of locomo- 
tives, he had made the valve of cast-iron. The valves he bad made 
worked very well. His valves were a little dififerent from Mr. Adams', 
but the design was substantially the same. He had found that the 
valves in marine engines were generally so very broad, that he could 
never get them larger than the area of exhaust port. His object had 
always been, not to relieve the valve of the pressure entirely, but to 
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reduce it as far as possible without relieving the valve from the face. 
He used to cast a ring upon the back of the valve, which was bored 
out inside. He used hemp packing in his valve with a gland, and 
screws to tighten it up. He put a spiral spring, resting upon the back 
of the valve, to bear the parts up. He bored generally 1 inch, or 1^ 
inch holes through the back of the valve to admit any steam which 
might pass the ring into the exhaust passage. It was difficult to get a 
ring sufficiently large to remove the whole of the pressure, but the prin- 
ciple was identical with Mr. Adams'. See Figs. A, B, and C, Plate XIH. 

Mr. Adams asked whether Mr. Rowan's had two rings ? 

Mr. Rowan replied that it had ; but there was no pressure inside 
the outer ring, the inner ring being simply to compress the packing, 
instead of which packing he might have used one of ^Ramsbottom's 
rings. 

Mr. Ai>AMS said there had been many plans, and there were afeo 
many patents with rings made with flanges, but the proportions ^were 
not equal and did not balance each other. If Mr. Rowan's made those 
proportions, equal, it was the first case he had heard of. 

Mr. Rowan replied that drawings of his valve might bejseen elsewhere. 
He was not so particular as Mr. Adams in the precise reduction of the 
pressure, but it suited the purpose to which he applied it — to marine 
engines — ^well. 

Mr. Adams said that many had attempted th''s but were unsuccessful. 
There was no means of finding the exact thing, and therefore there 
could be no difference between Mr. Rowan's and that of any other 
manufacturer. The only difference he could observe was the top and 
the bottom flanges. 

The President said that Mr. Adams had pointed out the import- 
ance of having the two surfaces exactly equal. Mr. Rowan's plan 
was the usual form adopted on the Thames for relieving the valve face 
of pressure. 

Mr. Rowan said that he had never seen any but his own. Mr. 
Penn's was different. 

Mr. Adams remarked that nearly a similar thing was applied by 
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Mr. Mandsley, although he ^as not right, as he gave an extra force 
on the flange. Mr. Randolph had assured him that he had the same 
thing; but he afterwards fonnd that the proportions which he had 
used of pressing the ring to the door, were as three to one. The result 
was, that the fikn of steam behind the snrface was entirely destroyed 
by the extra force. Then many rings have been made by marine 
engineers, but it was foand that the areas were not balanced ; and if Mr. 
Rowan had come upon that, why had he not made it more generally 
known, because the thing was so plain and useful. All engineers who 
had now got possession of it were ready to introduce it. It would soon 
be in use by the British Government, and the American Government 
had sent a representative here to see it, so that his valve was becoming 
generally applied, and it was curious if Mr. Rowan had so long been 
in possession of the same, and it had been so little known. 

Mr. Rowan said that if Mr. Adams had the slightest doubt in the 
matter, he might see the drawings in Cranstonhill Foundry, or at 
Messrs. Caird & Co.'s, Greenock. 

[Subsequent to the discussion, some correspondence took place 
between Mr. Adams and Mr. Rowan, as to the valve the latter 
had adopted. In order to remove any doubt, sections of the valves 
referred to by Mr. Rowan are shown in Figs. A, B, and C, Plate XIII., 
copied from the original drawings, by the kind permission of Messrs. 
Caird & Co. and Messrs. J. Aitken & Co. — Note by Secretary. 2 

Mr. A. Gilchrist said that Mr. Adams seemed to throw a slight 
upon Mr. WaddelFs valve. Now, he knew that it was a very good 
one, and worked admirably. He might mention that they had put 
Waddeirs valve into two steamers with 65-inch cylinders recently, 
and, after four voyages across the Atlantic, they had been taken out, 
and there was no appreciable wear observed either on the cylinder 
faces or valves, and so easily worked that one man at each engine can 
reverse it at pleasure with ease, and that under a pressure of steam of 
28 lbs. and 26 inches of vacuum. 
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The pRESiDKNT said that Mr. Adams had mentioned that his valre 
was balanced perfectlj ; but when he said that, he thought it required 
a qaahficatioD, as it would not be the same in all positions. 

Mr. Adams said it would not be balanced at all times. He had 
taken H in the middle position ; but as soon as it moved from that 
position there was a deviation, but not very great. The excess was 
always fn the positive direction, so that it kept the valve to the face. 
Then the force was not sufiieient to destroy the fihn of frieam between 
the surface, and it moved easily. He did not say it was a perfectly- 
balanced valve. He had given the result of thousands of experiments. 
He had made seventy-fonr valves before he discovered the action of 
the film of steam, and this was the secret of the success of bis valve. 

Mr. Hunt asked if Mr. Adams found that the proportion of area 
enclosed by the ring — at which he had arrived by praetieally trying 
in succession a mimber of rings of different sizes— coincided with the 
rule or method he had given for finding that area. 

Mr. Adams replied that he had found those areas to be practically 
the same, but that, in a practical experiment, one did not confine 
himself to the hondredth part of an iach, and he assumed that rule 
for general practice. 

Mr. Hunt said that in that case the rule might be empirically or 
accidentally correct, but that the method was obviously incorrectly 
worked out, even supposing the priBciples on which it was based to 
be correct ; and he showed, by a reference to the drawing, that if the 
one-half of the valve was considered, the respective leverages, with 
the centre of the valve as a fulcrum, were the reverse of those stated 
in the paper. 

Mr. Adams said he was aware of that. He had got it to corre- 
spond iu the worst position of the valve, and, as he had just stated, 
the negative forces were always less than the positive ; but the excess 
never reached that amount which would destroy the fihn of steam, 
and hence the valve moved easily. The valve was designed from 
practical experience. He made no pretensions to demonstrate it as 
mathematically correct. 
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Mr. Hdkt said he must repeal that the calcalations were incorrectly 
made, since the leverages were not as stated. 

The Pkesedent supposed it was impossible to make a perfectly- 
balanced yalve ; but Mr. Adams intended that the excess of force 
should never be on the under-side of the valve. 

Mr. Browk said that Mr. Adams was no doubt aware that there 
was DO difficulty in getting a valve balanced after it had worked for 
a day or two. He had seen one which required six men to work it at 
first, but which wrought easily after the first week. He did not know 
whether or not the exact proportions had been arrived at, but no diffi- 
culty was experienced in making the valves nearly baUnced. 

Mr. Day thought the meeting had forgotten the question before it. 
It was now a good deal more than twelve months since Mr. Adams 
first expluned the thing to him; and there was no doubt that 
what engineers had hitherto done in this matter, was a mere make- 
shift. It had been used for thirty years on the Thames, and in the 
Cornish engines, so that it had been a mere cobbling-up to what Mr. 
Adams had done, except, perhaps, what Mr. Rowan had done, the 
valve he used being apparently a perfect balance. That was to say, 
the theoretical film acting on the sides of the ring next the steam- 
chest door, the balance there appeared to produce a portion of the ease 
in which the valve worked. 

Mr. Adams remarked that the oldest valve of his construction was 
<m the Great Eastern Railway; and after it had worked twelve 
months, it was taken out, and found to be uninjured on the face. 
The valve would not wear on the cylinder face ; but the top of the 
ring would wear when running without steam. 

Mr. Browhlee asked whether there was any difference between 
Mr. Adams' ring and Mr. Rowan's? He thought there was this 
difference, that Mr. Adams had made experiments to determine the 
exact area, so as to take the friction entirely off the valve. Now, 
how far this friction was detrimental, while little pressure was left 
on the valve, he could not say. It seemed to him that very little 
injury would result though a little pressure was kft on the valve 
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But be would like to know whether it was necessary to be so very 
accurate as Mr. Adams was In removing all pressure whatever. Was 
it in any respect detrimental to leave a little extra pressure on the 
valve? 

Mr. Adams said he removed the pressure as far as he could ; and 
he caused the valve to slide on the film of steam between the surfaces 
with a great deal less power than if the steam was excluded. As he 
had already stated, he did not entirely balance it at all positions 
of the stroke. There were two positions in which it was balanced, but 
in the others it was not. If he were to make the ring less, he could 
only take the lesser dimensions of the ring into consideration with the 
reduction of another force acting upon the area of the valve opposite 
the port during expansion, 

Mr. Rowan said the idea which Mr. Adams had acted upon 
seemed to him to be a patent of Mr. Wilson's, of Patricroft, and 
which he believed acted very weU for land purposes. It was a solid 
valve of the usual form, which Mr. Rowan sketched upon the board and 
described. 

Mr. Adams replied that there were a great number of patent 
valves. That of Wilson was a combination of Napier's, displacing 
the exhaust cavity. It was always difficult to get at the history of a 
mechanical invention; but it was clear that Napier's displaced the 
exhaust cavity. Waddell took a position between the two. Wilson's 
and Napier's were not practicable, neither of which could be applied 
to any narrow gauge locomotive. He did not know any valve 
but his own which would stand the test of the locomotive except 
perhaps Waddell's, without the packing. If he would abandon the 
packing, he would have a better valve than he has. It was difficult 
to apply to the modern locomotive, and therefore Waddell's required 
a new cylinder for the purpose ; and any man designing a new thing 
must make it applicable to present practice, otherwise there will be no 
market for his invention. 

Mr. Hunt asked whether Mr. Adams now cut the rmg, as shown in 
his earlier drawings? 
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Mr. Adams replied that he did not. Mr. Penn had told him that 
the cast-iron ring would entirely rust away when the vake was stand- 
inj;^ still, and would thus prevent water from coming in; but he had 
not found any corrosion yet, and therefore he had now abandoned the 
labour of cutting the ring. 

Mr. Cowan remarked that it was of no use going into a discussion 
of the theory of this matter, when they had practice to guide them. 
He held a very high opinion of Mr. Adams' valve from its practical 
working. With regard to the theory, he left others to discuss that 
question; but he might state that he had now the valve working 
upon ten engines daily — engines, the least pressure of which was 
120 lbs., and two of them were 140 lbs., an amount which they 
would allow was a fair pressure. He began with the valve from 
a rude sketch made by Mr. Adams; and the first ring that he had 
put in, was the split ring which Mr. Adams referred to. He made 
it five-eighths thick; and he put in two springs, which might be seen 
running transversely in the drawings. When he put the steam-chest 
door on, when screwed up, it compressed the springs a quarter of 
an inch, so that though the rings were one-quarter inch, the springs 
would go up. With a pressure of 84 lbs. upon the one valve, 
he had run the trial trip up an incline of 1 in 70 with a heavy train, 
and just before getting to the top, he took the reversing handle, 
and they worked easily. He had not got over the top of the incline, 
until the valve had ceased from the pressure of the springs. He dis- 
connected the engine from the tender, and put the reverse handle into 
mid gear, then swung the engine like a pendulum back and forward, 
the throttle valve standing fully open; brought back the engine and took 
out the valves and turned the rings round — they were five-eighths — and 
put them in again. However, they did not work well. He made a 
round buckle to correspond. With the round buckle, he found that if 
the valves were tight, it kept tight as long as the steam was on. But 
although it was tight when the steam was shut oflF, when it was put 
on again the steam ran roaring up the chimney: whether that was 
from the slide being a little slack he could not say. That was a prac- 
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tlcal difficnlty, bat as soon as he went into the oblong bnckle, there 
was no diflScnlty whatever experienced; and now he had those ralves 
working with pressures of 140 lbs., and they were so tight, that with 
the steam full on, none escaped. As regarded workmanship, he 
had pat in the yalves off the lathe withoat filing or scraping. The 
ring was direct off the lathe, and so were the cylinders. He was 
thoroughly satisfied with the workmg of this valve, and instead of the 
two springs running the long way of the ports, he pat one spring now 
running across the ports; and in the engine he turned last out, the 
cylinder was 16 inches by 24 inches, and the valve 10| inches by 
16 inches. The spring, with one-fourth of an inch, took six pounds 
to put it down. The spring was not necessary to keep the valve tight. 
The use of it was when going into a station, or running down an 
incline, it made sure that when the steam was put on the next time, 
the ring was put up against the steam-chest door. 

The Preseoknt remarked, when they ran down hill, Mr. Cowan 
said that the top of the ring wore. Now, when that cutting began, 
did it not increase ? 

Mr. GowAX said they had the difficulty as long as he used the 
springs ; but, as soon as he used another ring, there was no diffi- 
culty whatever, and he had the valve face like a mirror. He had 
engines workmg under this pressure with valves of cast-iron. He had 
only got the first two valves he used made of brass, and all since were 
made of cast-iron. All the rings were of cast-iron, and they worked 
beautifully. From his experience of twelve months of ten engines 
working — and he had other four coming forward — ^he considered Mr. 
Adams's a perfectly-balanced valve. He could stand outside of the 
handrail of the engine and shift the valves with steam on, rather 
easier than with the steam off. 

The President said there was a little packing in Mr. Rowan's valve. 

Mr. Rowan said there was amply a packing-ring to prevent the 
steam from passing — the packing being tightened by screws — ^but 
which brought no pressure on the casing door or valve face ; it was 
simply an elastic piston ring. 
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Mr. Adams stated with regard to what Mr. Rowan had said as to 
the proportion of the surface of the ring bearing against the door, 
and the proportion of the flaoge, that he had determined them for 
himself by direct experiment. His rings were five-sixteenths of an 
inch thick in the body, and half an inch broad in the flange, making 
(if the inside edge of the ring were carried op to the door) three- 
qnarters of an inch bearing against the door. This would so proportion 
the areas, of a half-inch, equal the underside of flange pressing against 
the door, against three-quarters of an inch pressing from the door. 
Now, as the underside of the flange is exposed to a column of steam 
in the chest, no one doubts its force ; but what is new to engineers is, 
that the three-quarters inch bearing against the door, notwithstanding 
thej are finely surfaced, has got the same relatire pressure per square 
inch of surface, and the three-quarters being greater than the half 
inch, the result would be that the ring would be pressed from the door 
and the steam pass as a leak, and hence the necessity of having the 
surfaces equal since we have the pressures equal. Mr. Rowan had not 
explained, however, what was the proportion of the size of the rings to 
the valve. 

Mr. Hunt said that a few gentlemen had said that this was entirely 
a practical question, and that it was unnecessary to go into the theory 
in the discussion. His former remarks had not a particle of reference 
to theory. He did not think that any one else who had taken part in 
the discussion had said a word about theory. He thought Mr. 
Adams's was undoubtedly the best valve ever produced ; and he had 
simply questioned the correctness of the arithmetical rule for calcu- 
lating the area, which rule could easily be altered. 

Mr. Brown said that perhaps Mr. Cowan could tell them what 
advantage was got from the use of Mr. Adams's valve in duty per- 
formed. 

Mr. Cowan replied that that was a point upon which he differed 
from Mr. Adams. He had come there simply to state the result of 
his experience, and he did not care who received the honour of 
discovering the valve ; but if Mr. Rowan had used it twelve years 
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ago, it was a pity he had not known of it sooner. He could not get 
anything like the saving which Mr. Adams supposed by the use of his 
valre. He did not get above a savmg of 11 to 12 per cent. — ^that 
was to say, that whereas they used only to be able to take twenty- 
seven waggons up an incline, now they could take up thirty. But, 
independent of that, there was a great saving in the link motion, 
which was rather an expensive thing. Their eccentric straps did not 
require to be set once for three or four times formerly. 

Mr. Russell asked whether this co-efficient of friction was found 
by experience, — ^whether the valve was lubricated, and at what 
pressure f 

Mr. Adams replied that the co-efficients which he had were taken 
by starting the valve from its middle position. Had time permitted, 
he intended to have made experiments to show the actual pull on the 
spindle of the valve. He had stated that the co-efficient of friction 
increased with the temperature. The experiments were made without 
any lubricant whatever. 

The President said that the saving of 10 per cent, was the best 
indication of the value, so that as a theory they did not require to say 
much about it. 

Mr. Day said that was not the only saving. The valve itself was 
a great saving. 
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The objects of the following commnnieatioQ are to show: — 

Ist. An improved constrnction of water-closet, by the use of which 
a great amount of the water used by the present water-closet might 
be saved. 

2iid. A method of collectmg and removing the sewage. 

8rd. A method of manufacturing the sewage into a valuable dry 
«olid manure, capable of easy application to the land. 

In the present system of water-closets, no provision Is made for 
regulating and limiting the quantity of water used at each flushing; 
and, as experience has proved that sewage is in general far too much 
diluted to allow of its successful application to the land, the first and 
special consideration in any attempt to reform the existing sewage 
system, must necessarily have reference to this ]W)int. 

It has been ascertained by measurement, that the quantity of water 
passing through an average Bramah water-closet, on being flushed ten 
times successively — the time of each action being four seconds, and 
the action being repeated at intervals of two minutes — ^was a littlo 
over nine gallons, giving nine-tenths of a gallon at each flushing, the 
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head of the water being geven feet. But as in ordinary practice the 
time of action is much more than four seconds, we may safely assume 
the quantity of water used to be more than double the experimental 
quantity, which will allow an average of two gallons for each ordinary 
flushing. 

This cxcessire dilution of the soil by the action of the present water- 
closet, is often aggravated by a continuous discharge, which, on an 
average, may amount to upwards of 9000 gallons, by a single water- 
closet, per day. Until this immense waste is prevented, — until the 
closet soil is kept separate from the large quantities of water used for 
other domestic purposes, and from the rain -fall, — it is evident that the 
profitable utilization of the sewage is commercially impracticable. 

This whole waste may be rendered unnecessary and prevented, by 
the introduction of a meter acting in connection with an intercepting 
tank, by which the quantity of water used per flushing is limited and 
accurately measured. In existing water-closets this may be effected 
by enclosing the water valve within a short piece of lead pipe, flanged 
at the lower-end for fixing on and jointing to the bottom of the cistern, 
the top being close, having a small pipe fixed on to its centre of such 
a height that the top may be on a level with the sides of the cistern, 
the whole being water-tight, and the wire for lifting the valve passing 
down this pipe, which also serves as an air-pipe to the meter. By 
making a very small bore through the top as an inlet into this meter, 
so that it would require say from two to three minutes to fill, it is 
evident that when the water valve is lifted, very little more water than 
that contained at the time in the meter can descend into the service- 
box. A small India-rubber valve, opening inwards, is attached to a 
wire pass'ng down through the inlet aperture, the other end being con- 
nected with a band of India-rubber, and through it, acted upon by the 
lever which lifts the water valve; the slip or slack in the wire for lift- 
ing the valve, allowing the small India-rubber valve to be drawn up so 
far as to shut the inlet hole, before the water valve can begin to lift. 
The subsequent extension of the India-rubber band would permit the 
water valve to be opened sufficiently far to allow the water to escape 
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from the meter, the elasticity of the band allowing the water valve to 
shut before the inlet hole is again uncovered. 

By this means we should have the expenditure of water accurately 
measured, and a uniform quantity — which may be fixed at any desired 
amount — used each time the closet is flushed. 

Another essential feature in this supplement to existing water-closets 
lies in its including the means of perfectly regulating the periods of 
flushing, so that the process can only be repeated at any fixed interval 
of time, at which periods it will only discharge the quantity agreed 
upon; and, although the handle should be held up for any length of 
time, the discharge will not exceed the given quantity until the handle 
is again lowered, and the fixed periodic time has elapsed. If the action 
is repeated before the meter is filled the discharge will be proportion- 
ally less. The power of wasting water by a closet so fitted, is 
necessarily limited to the number of these periodic discharges in a 
given time, and the quantity discharged each time; it not being 
possible to fix the working parts of the closet so as to produce a con- 
tinuous discharge. 

This plan of regulating the quantity of water used has been in 
daily operation for about eight months, using quantities of water 
varying from one-ninth to one-seventh of a gallon at each flushing, at 
which latter quantity it is now working; the sanitary results being 
every way as good as when an unlimited quantity of water was used. 

The apparatus is shown in Plato XIV., Fig. 1. A, shows the 
meter immediately after being discharged ; the ordinary water-valve 
O being shut, and the inlet orifice B opened by the descent of the 
weight P, which carries the india-rubber disc, for shutting the same, 
through which the wire C passes, the top end of which is made fast to 
an india-rubber band R, the top end of which is connected to the lever 
S by the link a. D, the weight on the end of the lever S, the lever 
being moved by the wire T, acted on by the closet handle. U, the 
wire for working the plunger G, the bottom end of which, dipping into 
the cistern H, displaces the acid, which is discharged through the pipe 
M, into the basin along with the flushing water* 
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K, a slip loop in the wire XJ. L, a cross-bar over which the loop J 
moves, the top end of which loop at the greatest descent resting on the 
bar L, thus regulating the amount of dip, and consequently of acid 
discharged. F, the fountain from which the cistern is supplied. 

E, service-box as formed jn ordinary existing water-closets. On 
lifting the valve O the water contained in the meter is instantly dis- 
charged through the relati\*ely large opening in the valve-seat, a 
portion of it descending through the pipe N into the basin with the 
same velocity as when the quantity is unlimited, while a sufficient quan- 
tity remains in the box and the pipe to fill the trap-pan. 

That so very small a quantity of water as one-seventh of a gallon 
can flush a water-closet efficiently, may excite surprise, when compared 
with the large quantities now used for that purpose, but really there 
is nothing essentially improbable about this proposed limitation. 
The diameter of the soil-pipe being four inches, its sectional area 
is little more than twelve square inches, and the depth of the trap 
not being mT)re than two inches, the entrapped water can only be 
about 24 cubic inches, that being the amount actually requiring 
displacement at each flushing of the closet for healthful sanitary action; 
whereas, with one-seventh of a gallon we have nearly 40 cubic inche?, 
which would displace all the entrapped water, and also an additional 
quantity to the depth of 1 J inches, which, augmented by the liquid 
part of the soil, is more than sufficient to clear the trap on the soil 
pipe every time the closet is flashed. The flushing water being sent 
into the basin with the same velocity as when an unlimited quantity is 
used, ensures its being cleansed as thoroughly as by the present mode. 
^ We are thus in a condition to reduce the degree of dilution of the 
present water-closet soil from one lb. of dry solid matter in one thou- 
sand lbs. of water, to one lb. of dry solid matter in 2| lbs. of water, 
or to about ^^ part of the present dilution of th« City Sewage, 

This plan of regulating the quantity of water for flushing is equally 
B-pplicable for preventing waste of water, if the present mode of 
disposing of the sewage is continued, or if it is used for irrigation. It 
Is only necessary to determine the quantity of water to be used at each 
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flashing, which may be from any fraction of a gallon to any number 
of gallons, and also the periodic time at which the action of the closet 
can only be completely repeated, which may be from any fraction of a 
minute to any number of miimtes. If the quantity of water were 
limited to one gallon per flushing, and the time to ten minutes, all the 
water that could be wasted with such an arrangement in ten hours, 
would only amount to sixty gallons, and that requiring an unremitting 
personal attendance every ten minutes. 

Simply and effectually as the limitation and action of the flushmg 
water is accomplished in the manner described, it is quite in vain to 
attempt, as some persons have done, to test the operation of the 
smaller quantity of water by the action of an ordinary water-closet, 
as either the trap pan is not sufficiently lowered, or, if lowered suffi- 
ciently, the action is so rapid as to prevent its proper evacuaiion, or 
if this is thoroughly effected, the quantity of water admitted into 
the basin is too great. In short, the complete action must be either 
undone, iuiperfectly done, or over done; all of which are equally 
unsatisfactory. 

The practice of excessive flushing, frequently occasions a reac- 
tion, which actually produces the evil which excessive flushing is 
intended to avert. By causing a fall of water in the soil-pipe for a 
certain period, a current of air is carried through the water in the 
trapped pipe, and by the action of the falling water is compressed in 
the soil-pipe, and in the drain in which the soil-pipe terminates, on- 
wards to the drain trap, which, being usually deeper than the one at 
the closet, is capable of resistmg more pressure, and prevents the 
compressed air escaping in that direction. When the descending 
current of water is stopped, the compressed air ascending acts on the 
oscillating water in the trap at the water-closet, and a whiff of impure 
air is not unfrequently sent through it into the box of the closet. In 
the drains under the ground floor, a compression of entrapped gas is 
frequently produced by the same excessive flushing of a closet, by 
raising the level of the water under the entrapped air, causing an 
emission of the noxious gas through the joinings of the paved floor. 
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As any overflow or leakage from the water-closet cistern must not 
be allowed to enter the soil-pipe, it will be necessary to provide another 
but much smaller pipe for that purpose, into which all wastage would 
be discharged. In the event of the water-valve leaking, to prevent the 
leakage finding its way into the intercepting tank, a small pipe is 
attached to the lowest part of the descending pipe immediately at its 
entrance into the basin. This pipe is to be kept open by the action of 
a stop-cock, which the upward movement of the handle would shut at 
the time the closet is being flushed, whilst it would, at the same time, 
lift a conical weight connected by a wire to the lever of the cock, and 
suspended in a pipe to be kept filled with water. The weight to have 
an india-rubber or leather flap on its lower end, of such diameter as 
just to move freely in the pipe, and fixed ^t the centre to the conical 
weight; the bending of the flap on rising would afford an easy passage 
for the water, while, being flat, on descending the motion of the weight 
would be very slow, and would during its descent, open the cock on the 
small pipe, thereby allowing all the after leakage to descend through 
it into the waste pipe. 

DEODORIZATION IN THE CLOSET. 

Although with one-sixth or even one-ninth of a gallon of water per 
flushing, no odour is perceptible; yet, as ultimate deodorization of the 
soil is absolutely necessary, provision is made in connection with the 
action of the closet to deliver a quantity of sulphuric acid, or of a 
solution of sulphate of iron into the basin along with the flushing water. 
This is accomplished by means of an apparatus (constructed on the 
same princi])le as a bird cage fountain) by making a plunger dip into 
the trough, thereby displacing a quantity of acid equal to the portion 
of the plunger immersed, the quantity overflowing by a pipe depending 
on the amount of the plungers immersion, and the acid descending into 
the basin along with the flushing water. 

This sulphuric acid is not to be regarded so much in the character 
of a deodorizer, as that of an agent for combining with the ammoni- 
acal gases which would otherwise be volatilized while the gas is being 
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generated, and also for fixing it snfficiently when afterwards the resultant 
salt — ^siilphate of ammonia — is undergoing the process of dessication 
by surface evaporation, so successfully employed at St. Rollox in the 
dessication of certain salts from a state of liquid solution to a state of 
powdery dryness. 

It is not absolutely necessary that the acid should be introduced 
into the closet in the manner described, except for the purpose of 
preventing] any tendency to Ihe depositing of nitrogenized matters, 
sometimes found in the basin of water-closets, as it could be used 
eflBciently, and with vastly less trouble, by bemg introduced directly 
through the exhausting pipe into the interceptiog tank immediately 
on its being emptied, one operation in that manner sufficing for a 
whole tenement d uring au entire week. 

A celebrated English farmer, Mr Harcourt, remarks, that ^'ho 
obtains the best results by adding one lb. of sulphuric acid to one 
hundred and fifty lbs. of drainings, and that he has derived, by an 
expenditure of £1 10s. in sulphuric acid, an increase of hay amounting 
in value to £9 15s. above that from laud treated with an equal quantity 
of draining without sulphuric acid." 

A certain quantity of powdered charcoal should be introduced into 
the carriage tanks when emptied, for the purpose of absorbing any 
gases in the soil, which, when the tanks are refilled, may not have been 
acted upon by the sulphuric acid. 

INTERCEPTING TANK. 

The intercepting tank is understood to be perfectly water-tight, 
placed immediately under the lowermost water-closet, the soil-pipe 
from the closet entering it directly from above. It should be formed 
of lead, or salt glazed fire-clay, thus securing the soil against 
further accession of water, and eflFectually preventing its entrance 
into the drains and sewers, and also preventing the diffusion of 
its noxious fluids to surrounding earthy material. This tank 
communicates directly, and at all times, with the atmosphere, only 
through the soil-pipe, which ought, in every instance, to terminate 
above the roof. There is also a discharge pipe entering from 
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above, and reaching nearly to the bottom of the tank, the other end 
of this pipe terminating in the street, or any other more suitable locahty, 
the end being so formed as to insure an efficient and readUy effected 
connection between it and one of the exhausted tanks on the carriage; 
or a soil-pipe can be continued at a proper descending angle from the 
bottom of the lowest water-closet, to any suitable position for the 
intercepting tank. The tank should be of such capacity as to contain 
the soil from all the water-closets ia a tenement for one week, allowing 
four cubic feet of space for each water-closet, equal to about 25% in 
excess of average requirements. An overflow pipe should be attached 
either to the tank or to the termination of the discharging pipe, which- 
ever of these may be more adjacent to the common sewer. These 
intercepting tanks are equally applicable to public urinals. 

A portable air-tight intercepting tank could be employed, having a 
double water-trapped cover to form a perfectly air-tight junction 
between the bottom of the soil-pipe and the top of the tank. Every 
facility for removing these tanks should at the same time be afforded, 
sufficient free space being preserved between the tank and the bottom 
end of the soil-pipe, and no fixings of any description being employed. 
The tank on being removed, should have a cap or cover placed over the 
inlet, dipping into the water luting channel around that orifice, and 
also an outlet through the bottom, shut by an India-rubber plug open- 
ing inwards. These portable tanks not usually contaming more than 
thirteen gallons, would not be an overload for two men, and are chiefly 
applicable to country residences, or villages having no drains or 
severs. 

KEMOVAL OF SOIL, AND MANUFACTURE OF MANUHE. 

The intercepting tanks should be emptied once a week, through a 
pipe proceeding therefrom and terminating in the street, except where 
the tanks are placed in the street or other accessible place. 

The discharge could be effected either by atmospheric pressure 
or compressed air, and delivered into one of a number of pre- 
viously exhaustei tanks placed upon a carriage, by which it would 
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be conveyed either to a depot in some suitable locality, or to a 
central station in town, from whence the soil could be discharged 
by air pressure, through piping, to a general depot, and there received 
into a reservoir capable of containing one or two days' soil, from 40,000 
water-closets. These reservoirs would require to be about 100 feet 
square, and if for two days' soil, nearly four feet deep. They should 
be divided longitudinally by partitions into four or more channels, with 
a cross connection at one end uniting the extreme channels ; so that, 
by having a paddle wheel kept in motion at a narrowed part in the 
cross-end channel, the entire contents of the reservoir would in turn 
pass under the churning operation of its rotating blades. During this 
process, a proper quantity of powdered charcoal or gas coke, reduced 
to a state of powder, would by a riddling process, be introduced and 
mixed with the soil in the most equable manner, and absorb any gases 
not acted upon by the sulphuric acid, so that very little smell, and 
certainly no gas of vital importance as a fertilizing ingredient, would bo 
allowed to escape. 

The soil should remain in these reservoirs until the desired degree 
of decomposition had been effected, the process being expedited by the 
application of the waste heat from the evaporating pans to flues under 
the reservoirs. 

The soil, after the process of decomposition is matured, would be 
gradually transferred to evaporating pans of such length, that by 
passmg the flame and smoke from a furnace over, and in immediate 
contact with its surface, the liquid part would be rapidly evapora];ed 
by the action of the heated gases, their motion carrying off the moisture 
while being saturated, and probably after imparting — as Mr. Spence 
of Manchester supposes — the ammonia derived from the coal during 
the process of combustion to the soil while being desiccated in the 
evaporating pans, thereby materially increasing its fertilizing powers. 

The amount of this highly concentrated dry powder (rivalling the 
fertilizing power of guano) to be produced from the soil of 40,000 
water-closets may be roughly estimated at 15,000 tons per annum, 
which, at £6 lOs. per ton, would, after deducting the cost of produc 
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tion, show an annual profit not greatly under £1 sterling on the soil 
from each water-closet. 

A manure thus produced would be in the proper chemical condition 
in which the nourishing? and stimulating action is immediate on its 
application to the roots of plants. A manure could also be manufac- 
tured from the not completely decomposed soil, which would have the 
property of a deferred action, depending upon the degree of decora- 
position the soil had previously undergone before desiccation, the 
process of decomposition being perfected subsequent to its application 
to the ground. A manure, the fertilizing action of which would be 
partly immediate and partly deferred, and having these qualities in any 
proportion, could also be manufactured from the same material. 

Manures having these various properties are now desired by the 
intelligent farmer, and from this source only can they be furnished in 
sufficient quantity and of such quality as to suit his wants. 

That this is not a novel manufacture is evidenced by the following 
quotation from " Elements of Agricultural Chemistry, by Mr. James 
F. W. Johnston, 1844," who, after describing another process of 
manufacturing manure, says: — ** A better method than that of using 
gypsum has been lately adopted by J^fcssrs. Turnbull, manure manu- 
facturers in Glasgow. They mix as much sulphuric acid with the 
urine as is sufficient to combine with and fix the whole of the ammonia 
which may be produced during the decomposition of the urine. This 
mixture is then evaporated to dryness, and is sold and applied to the 
land in a state of dry powder. The present price (1843) of the powder 
is about eighteen shillings per cwt. Used in this way" (that is, mixed 
with, and taking the place of not more than one-half of the farm-yard 
manure usually applied), " at a cost of £2 per acre, Mr. Finnie, of 
Swanston, informs me it has this year (1843) given him four tons of 
turnips per imperial acre more than an equal cost of guano." 

The only difference between Mr. TurnbulFs plan and that proposed 
here, is using water-closet soil entire instead of urine only. 

This mode of treating city water-closet soil appears to be the only 
available, adequate, and permanent source from which a supply of 
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manare for agricultural purposes can be obtained when the source of 
the present guano supply is exhausted, which is most certainly in the 
way of being accomplished by a process subject to yearly acceleration. 
The larger part of the better quality has already disappeared, and the 
remainder is fast following, under an influence that no human power 
can avail in averting, demand and supply having no reciprocal rela- 
tionship in this case of natural and inevitable exhaustion. In fact, 
every intelligent and enterprising farmer, who has been made aware of 
this proposed source of manure supply, regards the success of it as 
the probable advent of an era of agricultural prosperity and progres- 
sion hitherto unknown in this or any other country. 

ADVANTAGES OP THIS PLAN. 

The completion of this plan throughout the city would insure the 
perfect purification of the entire sewerage, the restoration of the river 
Clyde to something approaching its original purity, and the profitable 
utilization of the soil of all existing water-closets, as well as that of 
all others that its adoption would call into existence, and, besides, 
would possess the following important advantages, viz.: — 

1st, It can scarcely be said to interfere with existing arrangements 
or apparatus of a sanitary kind. 

2nd, It consists of a series of operations almost independent of one 
another, which could be executed without any regard to local order 
or sequence. 

3rd, It can also be executed in a fragmentary manner, which would 
afford a cheap means of testing the only part that has not heretofore 
been in use, and about the working of which people feel some uncer- 
tainty, viz., the limited quantity of water for flushing; wherever two 
closets discharge their soil into the same pipe, one of these may have 
the meter alone applied to it, without an intercepting tank or deodor- 
izmg apparatus. 
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4th, It may be completely applied at once on the large scale or 
otherwise, as rendered advisable or necessary by either commercial or 
sanitary exigencies. 

5th, Any portion, however small, can be worked nearly as profit- 
ably as a larger section, or even the whole scheme. 

By the present system, the sewage, whatever method may be adopted 
for ultimately receiving and carrying it off, must, in its passage through 
the sewers, continue to evolve the same pernicious gases as at present, 
its noxious fluids still permeating to a greater distance both laterally 
and vertically, and saturating still more thoroughly the surrounding 
earthy matters with latent poison, the gaseous portion finding its way 
to the surface at the open gully-holes, or, if these are trapped, through 
the superincumbent matter in a more or less diluted state. 

The outfall plan obviously effects only one-half, and that perhaps the 
least important, though necessarily the more obvious part of the object 
contemplated, leaving the less obvious but more constantly pernicious, 
though preventible evil, rampant as ever, probably even more so — as 
demonstrated in the partially developed evils of the gigantic and 
expensive metropolitan system of sewerage — which requires the present 
waste of water to be continued in all time coming, thus occasioning an 
absolutely unnecessary loss of at least £40,000 annually. 

In our own case, the last announced proposition of the outfall sys- 
tem will cost at least £370,000, but how much more no one as yet can 
tell, and only disposing of the sewage of 190,000 of the population, or 
a little over one-third of the whole, equal to about 42,000 households. 

Supposing each of these houses to have a water-closet, fitted with a 
meter, intercepting tank, &c., complete, at a cost of £3 each closet, 
the entire expenditure would be about £126,000, leaving a balance in 
favour of this plan of £244,000 on first cost. While costing only 
about one-third of the proposed outfall sewer plan, it would not be 
less likely to yield a desirable revenue, as there is no known reason 
why soil manufactured into manure in the manner indicated should not 
at least be as remunerative a business on a large as on a small scale 
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If the only cases that can be founded upon as justifying the hope of a 
remunerative working of the irrigation system are (1) that of Edin- 
burgh, where the soil of 80,000 of the population has been employed 
in irrigating 270 acres of land for about forty years successively, has 
not, in all that time, contributed anything to the city revenue, or (2) 
that of Croydon, where the soil of a population exceeding 20,000 per- 
sons is employed in irrigating 250 acres, yielding a revenue to the 
town of only £250 annually, or f 1 per acre, it seems most extrava- 
gant for us to look for any good result. This will be clearly shown 
by a reference to the following additional cases, viz.: — 

(1), Carlisle — revenue to town, nothing; tenants realising nearly 
£400 per annum. 

(2), Malvern — ^revenue, nothing. 

(3), Tavistock — ^revenue, nothing. 

(4), Rugby — revenue to town, j£50 per annum. 

(5), Watford — revenue to town, £10. 

(6), Alnwick — discontinued; for, though the sewage was given free, 
farmers refused to pay the expense of pumping, because unremu- 
nerative. 

Besides, it must defy the most fertile imagination to form a conjec- 
ture, or the most acutely prescient of our sanitary magnates to foretell 
the ultimate effects resulting from the permanent existence of 5,000 
acres of such a swamp as Craigentinny Meadows, to the windward of 
such a city as Glasgow, for about three-fourths of every year, and 
that specially during the warm season, to say nothing of other centres 
of population in its immediate vicinity. And what is to become of 
the immense grassy product which might be raised from 5,000 acres of 
land, which seems to be the only possible or profitable application 
of the sewage. Mr. Miller, proprietor of the Meadows, being 
examined before the House of Commons' Committee, 1864, say?:— 
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" 200 acres irrigated by gravitation, about 50 by steam-power pump- 
ing. These meadows receive the sewage of about 80,000 inhabitants 
of Edinburgh. The sewage flows constantly night and day. As far 
as practicable we irrigate night and day. The application of steam- 
power has not been very profitable. We should otherwise not have 
ploughed it up for arable purposes. About ten acres a- year have been 
ploughed up and sewage irrigation discontinued. There is very great 
difficulty in applying sewage to arable land. I believe that sewage is 
far more suited to grass than other crop." 

APPLICATION TO COUNTRY AND VILLAGE RESIDENCES. 

In consequence of the limited quantity of water necessary for flush- 
ing, only a very small cistern is required ; it could be filled at stated 
times by pumping, or even by a hand pail, where it could not bo kept 
filled from a water-butt or by piping. For the same reason the inter- 
cepting tank system is peculiarly applicable, no drainage whatever 
being required; the soil being preserved in a covered water-tight pit, 
only of sufficient lateral dimensions for the process of emptying; the 
deodorizing process being effected by the occasional introduction of 
earth, and the daily introduction of the powdery part of the ashes pro- 
duced in the house or on the farm through a trap-door in the portable 
cover, thus at once avoiding the expense and the after nuisance of 
drains, and securing the entire soil for manuring purposes; or other- 
wise by having a portable air-tight tank as before described, the soil 
in that case being afterwards mixed with earth or ashes, or jointly, as 
circumstances might render necessary. 

WATER SUPPLY AND DISTRIBLTTION. 

The only possible mode of solving the water supply problem, so as 
to make it satisfactorily intelligible and conclusive, is to proceed on 
the basis that a calculation, founded on a lengthened experience of 
actual consumpt, can alone prove what quantity of water is necessary 
for a family's ordinary use. This has recently been done in a house 
consisting of six apartments, occupied by a family of four persons, all 
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adults. 67 tho action of a meter, extending over a period of 104 
days, the average consumpt for that time is fomid to be thirty-seven 
gallons per day, or 9^ gallons per head for domestic uses alone, ezcla« 
sive of bath, water-closet, and wash-house purposes. Such a house 
and family may be considered a fair average case. But suppose we 
allow fifty gallons per day for every household as an average domestic 
consumpt, or fully eleven gallons per individual, then, taking the popu- 
lation of Glasgow, city and suburban, at 510,000 persons, the present 
requirement for domestic purposes would be nearly six million gallons 
daily; and supposing the quantity as at present paid for under the 
public water rate assessment to be nearly one million gallons per day, 
and adding thereto the seven million gallons now being used daily for 
trade purposes, the aggregate daily consumpt would not exceed fourteen 
million gallons for all purposes, amounting to only one-half of our 
present greatest possible supply of twenty-eight million gallons daily. 
With an available dally surplus of fourteen million gallons, there could 
certainly be no valid objection to the appropriation of another seven 
million gallons daily for trade purposes, thus insuring an addition to 
the present revenue of £40,000 annually, and this would still leave us 
with a present surplus of about seven million gallons daily, so that at 
the end of other thirty years, when the population might possibly be 
doubled, our available daily supply would only then be fully allocated.* 
The prevalent method of putting the means of wasting water, 
without even an attempt at measurement, into the possession of 
every one using a common domestic crane for drawing water, is 
certainly quite unique in practice from a commercial point of view. 
If we suppose each of the 80,000, or perhaps more, water cranes 
daily used in Glasgow for domestic purposes to run needlessly for 
only ten minutes daily — not an extravagant supposition by any means, 
and that they deliver on an average seven gallons per minute — the 



* The above paragraph is quoted from a paper commnnicated to the Convener 
of the Committee recently appointed by the Town Council to report on the best 
mode of dealing with the sewage. 
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annual loss at £2 per hundred thonsaud gallons, would be upwards 
of £40,000, a sum very far short of representing the amount that 
is wasted, and which might be saved by a better system of domestic 
distribution. 

A considerable saving of water might be effected with the present 
system of distribution, by simply diminishing the discharging capacity 
of all cranes, to a delivery of not more than two gallons per minute 
in any case, those in small houses and all stair cranes, to a delivery 
of not more than one gallon per minute. By this alteration the possi- 
ble delivery per crane would be reduced to 600 gallons for ten hours, 
or to 1440 per twenty-four hours, instead of 10,000 or upwards as at 
present. When the fact that the time the crane would be allowed to 
run unnecessarily, would most certainly be about the same in either 
case, the alteration would insure a saving of at least five-sevenths of 
the present waste, representing a sum of not less than £28,000 annually 
from that source, if the ever perplexing sewage diflBculty did not per- 
sistingly interdict the attempt. 

A saving of water, however, could, to a certain extent, be thus 
accomplished, along with the introduction of the limited flushing and 
intercepting tank water-closet system, apart altogether from the dis- 
tribution of water by meter, though by no means so thoroughly and 
profitably. 

DOMESTIC WATER METER. 

The principal feature in the proposed domestic water meter consists 
in the means employed for registering the time of an uniform discharge 
by the ordinary swan- neck crane, simply, or in connection with other 
means of regulating the discharge of water. This uniform discharge 
implies the necessity of a uniform head pressure which the ordinary 
water cistern, in every house where there is such, would efficiently 
supply. The amount discharged is registered by a small piece of 
clock work, the action of turning on the water allowing the clock to 
get into motion, while the action of turning it off, stops. the motion of 
the clock ; 60 that, the crane being a^'usted to any definite discharge, 
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say, 80 many gftllons per minute, every minate of time the clock has 
been in motion indicates that the namber of gallons has been dis- 
charged. 

The motion thus acting on the clock work is obtained by fixing a 
disc, having an eccentric groove on its face, to the key of the crane, 
into which groove the end of a stnd projects, the motion of the crane 
key tnrning round the disc, canses the stnd to move the rod, into the 
end of which it is fixed, which motion is ultimately communicated by 
sundry levers and rods to a loose bell-crank lever, having a weight 
attached to the vertical arm, so that, when it arrives at a point the 
least beyond the perpendicnlar falling over it, it carries along with it a 
longer and otherwise loose lever; a forked cross-end on the top of 
which, when the water is being shut off, pushes the pendulum over to 
the full extent of its ordinary vibration, and holds it there until, by 
turning on the water, the action of the lever carrying the weight 
is reversed, and the top end of that lever which held the pendulum is 
instantly turned over to the opposite side, allowing the pendulum to 
attain its fnll vibration, which motion is uninterrupted so long as the 
discharge continues. Shutting off the water, by reversing the action 
of the lever and weight, stops the clock's motion, as above described, 
during the non-diicharging period. 

To prevent the possibility of inconsiderate waste, shutting off the 
water is performed by a band of India* rubber acting as a spring, being 
partially wound round an eccentric pulley fixed on to the crane key, and 
so formed as nearly to equalize the force of its unequal tension at all 
points. The same action can also be made to perform the operation 
of winding up the clock as far as that is necessary. 

This meter possesses the special recommendation of not at all inter- 
fering with existing water-distribntion arrangements. It can be 
adapted to any mechanical contrivance for that purpose. Its require- 
ments in regard to space are very limited. Its discharge entirely 
depending on the untrammelled action of the principle of gravitation 
does not admit of any variation, the indicating apparatus being moved 
altogether independently of the motion of the water. The simplicity 
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of its action secures it against liability to derangement. Its cost is 
not sach as to prevent its general adoption; where there is a water 
cistern in a tenement it can be fitted up complete for abont twenty 



CHEMICAL SEWAGE. 

In a letter published in North British Daily Mail, of 3rd Feb., 1866, 
the state of the Liffey is thus .described: — "There are few or no 
obnoxious discharges from chemical manufactories, and yet the smell 
during the warm season is most offensive, and the injury to health 
incalculable." The LiflFey at Dublin being in the oflFensive condition 
represented, and that solely in consequence of sewage from dwelling- 
houses only bemg discharged into it without, or at least with very 
little admixture of chemical sewage, are we not justified in inferring 
that it is chiefly, if not altogether, the soil from our water-closets 
which has reduced the Clyde to its present notoriously filthy con- 
dition; and that, when that source of pollution is intercepted, we 
will be very near accomplishing, so far as the river is concerned, all 
that is desirable in a sanitary direction. So that the disposal of the 
mineralized fluid waste discharged from certain chemical manufactories 
may really be only a matter of minor importance; the probability 
being that, in consequence of its very slowly oxidizable properties, by 
the exclusion of animal and vegetable matters contained in water-closet 
sewage from the river, it would produce no chemical action, and con- 
sequently, no odour whatever. 

Its action on the coppering of ships bottoms or the iron plating 
of vessels, if only mixing with comparatively pure water, need excite 
little apprehension. 

Regarding the sewage from chemical works in which vegetable or 
animal substances are operated upon — such as distilling, brewing, 
soap-making, tanning, &c. — ^the case is entirely different, the sewage 
from these sources containing elements that render rapid decomposition 
absolutely certain, and thus the exclusion of all such from the river 
becomes an unavoidable sanitary necessity. 
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It is only reasonable to expect that those who produce sewage of 
a peculiarly objectionable and offensive nature should, at their own 
expense, make use of every available means to prevent it becoming a 
nuisance to their fellow-citizens. There can be nothing unjust, under 
such circumstances, in requiring those persons to pump theic sewage 
into piping at such a pressure as would convey it ten miles down in 
the direction of the river's course, the piping being laid along Argyle 
Street and Dumbarton Road, which would be accessible at all times, 
and could be tapped at any point throughout its course. As this 
sewage, containing vegetable and animal matter, includes those manu- 
rial ingredients in a much more concentrated state than ordinary city 
sewage, it is more than probable, if this plan of conveymg it in piping 
was adopted, that the farmers on both sides of the road would ulti-* 
mately use it largely both for fermenting and enriching their dung- 
heaps or other composts, and probably also in the process of a modi- 
fied irrigation. 

As to the mmeralized sewage from St. Rollox works, that it doQS 
not necessarily act prejudicially on vegetation, is incontrovertibly 
established by the fact of grass growing most luxuriantly on the banks 
of Pinkston Bum, and down to the very surface of the stream, after 
receiving the mineralized fluid pumped from the mine under the debris 
of their works, accumulated on the southern side of Pinkston Bog. 
This sewage, as pumped from the mine, is almost devoid of taste or 
smell, and is understood to be— not very highly — ^impregnated with 
sulphur, which of itself, however, is a very valuable fertilizer, but 
which, if mixing with sewage containing decomposing vegetable or 
animal matter in solution, the one would most certainly dissipate that 
which is most valuable as a manure contained in the other. This fact 
seems to indicate the advisibility of having two separate systems of 
piping for conveying the two different species of chemical sewage. 
Common prudence would, however, suggest the propriety of having a 
free outfall into the river for the surplus of this sewage, keeping the 
pomts of discharge for these antagonistic liquids at least half-a-mile 
apart. The absolute quantity of this sewage to be disposed of, is so 
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very small when kept clear of all adventitious additions, that its pre- 
sence in the river would scarcely be appreciable at but a short distance 
from its entrance. 

The mineralized water pumped from the mine at St. Rollox amounts 
to about 40,000 gallons daily, on an average of nine hours pumping. 
The quantity oozing per day from the debris, and ultimately descend- 
ing by Buchanan Street, after deducting the water descending 
by the railway, and sewage water from Bogside houses, &c., with 
which it is mixed, is very small, but highly mineralized, being estimated 
at one- fourth of the quantity pumped from the mine in the same time, 
being about G7,000 gallons daily, which is double the quantity due 
to the average rainfall over the entire surface of the mineral refuse. 

The amount of liquid which is discharged on special occasions from 
Pinkston Bog, by the Buchanan Street outlet, is uncertain. 

As it is perfectly possible to divert both the sewage from the Bog- 
side houses and the water descending by the railway at a trifling ex- 
pense into Pinkston Burn, which has now no natural or necessary 
connection with Pinkston Bog, which, though not now in its state of 
pristine purity, is by no means in so foetid a condition as might be 
expected, after receiving the sewage from Springburn and other places, 
and the liquid filthiness flowing from the piggeries at Keppoch-hill, all 
perfectly preventible causes of pollution; the quantity of sewage then 
to dispose of would be reduced to about 67,000 gallons daily, and 
said to be of a gradually diminishing degree 6f saturation. 

If the plan of puddling the entire surface of the debris with clay was 
adopted, it is almost certain that nearly one-half of the sewage 
would be got rid of at once ; an effect which the draining of the bog 
would most certainly complete. 

In the discussion on this paper, 

Mr. Hugh H. Maclure said — Mr. Hoey has shown considerable 
ingenuity and mechanical skill in devising a plan by which water may 
be economised in the flnshing of water-closet basins and soil pipes. 
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Althongh I cannot believe in the thorough flushing of these pipes and 
drains with the very small quantity of one-seventh part of a gallon 
for each discharge, still I can understand that the object aimed at by 
Mr. Hoey is in itself good for several reasons. First, the economy of 
water; and secondly, the benefits to be derived by lessening the quantity 
of sewage, and possibly modifying the expense of any scheme for the 
removal and utilization of the sewage of Glasgow. 

Mr. Hoey may not be aware that many water-closets have been 
invented and tried on the self-acting principle, and giving oS only a 
measured quantity of water at each discharge. To my knowledge 
those closets have been very difiicult to keep in working order, and 
have been almost entirely abandoned. Possibly Mr. Hoey's apparatus 
may not be so complicated, but plumbers and architects all know that 
the less complex machinery there are about water-closets, the better 
for all parties interested, especially for the proprietors. 

I do not know the powers of our Corporation Water Act, but to 
me it is beyond doubt that no plan, however complete in its details, 
will be carried out unless compulsory powers are given to the autho- 
rities, and from the fact of the variety and number of the water-closets 
in use in Glasgow, it will even then be extremely diflGcult to carry out 
any material change in the present system. 

I may state from my own experience, that a great waste of water 
and unnecessary flushing of soil pipes and drains is caused by the vain 
endeavour to get quit of the disagreeable smell that ascends from the 
soil pipes and drains when the pan is opened for the discharge of soil 
and water. The true, but not generally known cause of this, is simply 
the want of a ventilating tube, attached to the soil pipe, and carried 
from it right up through the roof into the open air. I believe that 
little difficulty would be experienced in carrying out this sanitary and 
water saving measure in existing houses and for new buildings, a few 
additional feet of three inch piping is all that is required. As to the 
deodorization as now proposed, it is certainly ingenious in theory, and 
might be in use as long as the acid chamber held its first charge. I 
am, however, satisfied that not one person in 1000 would ever be at the 
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expense or trouble of refilling the acid chamber, and, from Mr. Hoey's 
remarks, I do not think he considers it essential to bis plan. With 
reference to the intercepting soil tanks at bottom of soil pipes, this 
is simply a repetition of the nnmeroas plans proposed for the hand col- 
lection and removal of the night soil that has been brought before the 
public for the last thirty years, but, owmg to the practical difficulties 
and disagreeable results that arise from any of these plans of collection, 
and removal of portable vessels or chambers, we have as yet nothing 
equal or superior for large towns or cities to our present water-closet 
and drainage system. 

At the Congress on the Sewage of Towns, held at Leamington in 
October last, fully one-half of the papers read were on the theory of 
the removal of soil by pails or other vessels, and mostly advocating 
the dry or earth closets, invented and patented in 1838 by Mr. Swin- 
bourne, and now reproduced as Mr. Moulds's earth closets. It seems 
there is no doubt of the value and suitableness of these appliances for 
the periodical removal of the night soil, where adopted on a small scale, 
such as to country villages in lieu of the present open privies; also to 
schools, poorhouses, and other asylums, where all are under the thorough 
control of some competent person, and where strict attention would be 
given to the apparatus employed, and especially in places where there 
are lots of room for earth, deodorizers, drying sheds, with no scarcity 
of persons not fully employed at these institutions, v/ho would be 
induced to take this disagreeable work on hand. Our theorists on the 
pan -removal system all look with admiring eyes to the Chinese, and 
point to them as model collectors and manufacturers of manure. Wo 
are told, however, " that such is the offensiveness with which the trade 
is carried on, that the odours of night soil seems to pervade the whole 
atmosphere." And even in highly civilised Paris, where the separation 
principle is largely carried out, the odours in that beautiful city are 
anything but pleasant. 

It appears to me that those parties who suggest these sweeping 
changes in our present water-closet system in their mistaken zeal entirely 
forget, or do not seem to know how much it would cost to remodel the 
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existing closets and other appliances at present in use ; and to attempt 
the introdoction of snch plans in large cities like Glasgow where we have 
already so litttle breathing space, is to me perfectly ntopian and 
impracticable. 

Mr. Hoej seems to condemn the principle of intercepting sewers and 
sewage irrigation. I think if Mr. Hoey would visit the irrigation 
works at Croydon, Edinburgh, and Carlisle, with an unprejudiced 
mind, he would see for himself the results of the simplest of all modes 
of getting quit of our sewage ; and I am sure he would alter his 
opinion. And from Mr. Hoey's concluding remarks as to the treatment 
of the chemical sewage, he comes round to the belief that, by adopting 
his suggestions — " the farmers on both sides of the road would ulti- 
mately use it for enriching their compost, and probably, also, in the 
process of a modified irrigation.'' 

The celebrated Dr. Richardson in his paper, read at Leamington, 
says : '< I think there can be no doubt that that town would be most 
happy, in regard to its health, that should have a proper water 
supply, a drainage well flushed, and a conduit to take it as it was 
produced — every particle of sewage clean away into the sea." 

And, again, pointing to the irrigation system, he says : *' The 
sewage, if distributed, should be distributed away from a town where 
there can be no contamination, and in such a way that the ground 
itself should be one of Mr. Moulds's earth closets on a large scale. In 
this case we should have a perfect application of the sewage." 

The well known Mr. Mechi, of Tiptree Hall, says : " If we consider 

merely the most available and profitable way of fertilizing the soil, 

then, I can say, from an experience of eighteen years, that the fluidized 

condition is much to be preferred to ensure an immediately available 

result to the husbandman. For all houses and cottages having only 

out-of-door privies in gardens, there can be no question that earth, or 

the earth closet, is most convenient and economic, but in towns with 

an abundant water supply, I must come to the conclusion that the 

water-closet system must be most effective and convenient." 

I think I have said enough to show that Mr. Hoey's plan of col- 

2 b 
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lecting the soil in tanks, or house cesspools, is one tbat^Vill be 
found most difficult to introduce — -unavoidably dirty and disagreeable 
in its manipulation. We have, happily, in Glasgow, all that Dr. Rich- 
ardson daims for making a healthy city — ^abundance of splendid water, 
good house drainage, and all that we want is proper intercepting 
sewers, and a means of taking away the sewage into the country and 
down the river for irrigation or disposal purposes. 

Mr. Hoey has indirectly referred to the plan suggested by Mr. J. 
M. Gale, in the summer of 1865, as the " last announced proposition of 
the outfall system." 

Mr. Hoey seems not to be aware that a plan has been brought be- 
fore the Lord Provost and Town Council of Glasgow, and is published 
in a pamphlet (a copy of which he will find in the Library of our 
Institution), by which the whole of the " sewage of Glasgow and its 
neighbourhood " may be collected in intercepting sewers through and 
beyond Glasgow ; then in canals, down by circuitous courses, for the 
ultimate utilization of the sewage to reservoirs at Dalmuir, and he 
evidently has no knowledge that this can be accomplished for a total 
cost of £332,031. The plan referred to has also the intention of 
picking up the sewage of Paisley, with the object of purifying the whole 
basin of the River Clyde, from Rutherglen to Dalmuir. 

Mr. Menzies, who had charge of the sanitary arrangements at Alder- 
shot, in talking of the value of night soil manure at the Leamington 
Congress, had mentioned that they could not get rid of it there, and 
that it cost the Government £500 per annum to remove it. It was 
not manufactured in any manner whatever. Then Mr< Hoey spoke 
of the limited quantity of water that he proposed for household pur- 
poses, and that if it ran only at the rate of about a gallon per minute, 
this would prevent hot-baths being used, and destroy the usefulness 
of house-boilers, and lead to many other evils. 

Mr. James R. Napier did not see how any objection could be 
taken to Mr. Hoey's arrangement on account of its complexity. For, 
Firsts if the object be to save water, Mr. Hoey did it, and could do it, 
without any mechanism whatsoever, merely by enclosing the discharge- 



Digitized by VjOOQIC 



On Town Sewage and the Saving of Water, 211 

ralve of the cistern in a vessel of any size, with a small fixed opening 
to admit the water to the vessel. The size of this fixed opening 
determines the greatest amount of water that can possibly be wasted ; 
for it is clear that if the valve of the closet be raised and kept fixed 
up, no more water will flow into the closet than can get through the 
small hole in the vessel surrounding the cistern discharge-valve. This 
may be the 10th, the 100th, the 1000th part of what can at present 
be so wasted. Second, If the object be to make valuable manure ,of 
the soil, it is taken for granted that the less water it contains, and the 
more portable it can be made at the smallest cost, the more valuable 
it becomes. Mr. Hoey secures this object in the closet by what 
cannot surely be called complex machinery — an inexpensive piece of 
elastic gum. While the closet is being flushed, this closes the small 
opening which, for the first object only, might be always open, and 
keeps it shut so long as the cistern discharge-valve is open, so that no 
more water can get into the closet than the exact quantity which it 
had been determined should be supplied each time the closet is 
flushed. Thus Mr. Hoey secures one of the essentials for the 
economical manufacture of manure from the closet soil, and at no 
inconvenience whatsoever, as far at least as the closet itself is con- 
cerned, to the inmates of the house ; for, as he purposes afterwards 
evaporating the water and making a dry manure, it is clear that the 
less the quantity of water it contains the less will be the quantity of 
fuel necessary for evaporating it. The so-called deodorising vessel 
appears to be not essential to the domestic closet, seeing that the 
object aimed at by its introduction can be as well secured by those 
interested in the manufacture of the closet soil into manure, putting 
the necessary quantity of sulphate of iron or other approved 
substance direct into the collecting-tank described by Mr. Hoey. 
Thus his closet arrangement is freed from any greater charge of 
complexity than belongs to the most simple of water-closets. Mr. 
Napier believed that the most direct and legitimate method of pre- 
venting the waste of water was by charging for it either by weight 
or by measure. Those who wasted it, those who neglected to keep. 
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their taps in order, woold themselves have to pay the conseqaences 
of their own neglect, and not have them paid for by others as at 
present. 

Mr. W. SiMOXS presomed Mr Hoey did not mean his plan applicable 
to the purification of the River Clyde. He presumed that although 
the 40,000 water-closets of Olasgow were drained, and otherwise 
disposed of, the river would not be greatly improved. It was of 
course suitable to spread the sewage over a tract of country like that 
round Carlisle, where the value of land was not great ; but it came to 
be a much more serious matter around such a city as Glasgow, where 
land was so dear. Many schemes had been projected for abolishing 
the smell of the Clyde; and, on considering the matter with Mr. 
Brown, he had proposed the following plan, as least expensive, and, 
he submitted, likely to effect the purpose. Their proposal was to bnild 
into the edge of the quays, at the outlet of each sewer, a range of 
gigantic tanks for the purpose of intercepting the sewage. From 
these tanks there would be flexible pipes, communicating with floating 
buoys moored in the centre of the river, by means of which the tanks 
could be tapped every night, and all the solid sewage removed in 
air-tight steam hopper barges, which would convey the sewage forty 
miles down the Clyde, where, without stopping the barges, it would 
be deposited into the open sea ; or, if a suitable market offered, it 
might be deposited into floating depots, and removed from thence by 
farmers or consumers. By this plan a large portion of the liquid 
sewage must still be allowed to flow into the river ; but he believed 
the result would be that the objectionable smell from the Clyde would 
be obviated. 

Mr. HoET said, that although it had been demonstrated by a 
lengthened experience that one-seventh of a gallon of water is suffi- 
cient for each flushing, and also for filling the trap-pan so as to secure 
a proper luting, there is no reason why persons preferring a larger 
quantity should not use it. Only, as the additional water used in 
flushing necessarily involves increased expenditure for plant and 
labour, and also a proportionate increafie of the fuel required for 



Digitized by VjOOQIC 



On Tovm Sewage and the Saving of Water. 218 

eraporation, when the object is to manofactiire the soil into manure, 
it follows that, in addition to paying for this excess of water as per 
quantity used, a charge equal to about the cost of two lbs. of coal for 
every gallon of water so used would be required to cover the increased 
working expenses, which, if two-sevenths of a gallon were used each 
flushing, would amount to about one shilling per water-closet annually, 
thus causing an increase in expenditure of £2000 per annum in treat- 
ing the soil of the 40,000 water-closets of such a city as Glasgow. 
The replenishment of the acid-fountain would be accomplished by the 
introduction — say once a month — of the proper quantity of sulphate 
of iron in a crystalline state, and then filling up the vessel with water; 
the outlet at the bottom being shut during the process by the conical 
part of the plunger filling the corresponding conical seat in the tube 
in which the plunger is suspended. The discharge of this duty would 
devolve on persons employed for behoof of those interested in the 
manure manufacture, at whose expense the acid would be supplied 
and the labour performed. The modified irrigation alluded to may 
be seen in full operation all the year round on Mr. Harvey's farms, 
connected with Hundred Acre Hill Dairy, Glasgow, where for many 
.years no other than liquid manure has been employed in raising crops 
of all kinds, which would compare favourably with any in the 
neighbourhood. The liquid manure being applied by three men and 
three stout lads, by hose and jet, to the entire area of about three 
hundred acres of land, including at least one application to the 
entire surface, and from four to six applications to sundry por- 
tions, annually. The liquid mainly used being distillery pot-ale, 
combined with the liquid manure from the cow-sheds. Solid 
manure, his manager informed me, he never used, except for 
potatoe crops; but has been in the practice of selling it to the 
extent of many hundred tons annually. This pot- ale would consti- 
tute an important ingredient in the chemical sewage of Glasgow, pro- 
posed to be sent along Dumbarton Road through piping, regarding 
which an eminent manufacturer of manure lately averred that he could 
realise £2000 per annum out of what passes bis establishment were he 
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not otherwise more profitably employed. That such sewage would 
be used and paid for by farmers is certainly a matter of most reason- 
able expectation. The water used for wash-house, culinary, and all 
ordinary domestic purposes, would find an exit as at present by the 
existing drains and sewers, and would be discharged through these 
along with the daily average rainfall mto the Clyde. Our past 
experience as to its effects on the river, preyious to the wholesale intro- 
duction of water-closet soil, abundantly justifies the most assured 
expectation as to the purity of the rirer in future by the adoption of 
the proposed mode of dealing with water- closet soil, more especially as 
the river is now supplemented by 26 million gallons of additional water 
daily from Loch Katrine and Gorbals supply. 

The President said that, by Mr, Hoey's plan, the whole of the 
sewage of a large tenement would be discharged into one tank by the 
different pipes leading from all parts of it. Would there be no diffi- 
culty in keeping those pipes clear ? 

Mr. HoEY replied that, in tenements of flatted houses, the water- 
closets were usually exactly above each other ; and he believed that 
the use of the seventh part of a gallon of water at each time would be 
sufficient to keep them clear. But of course more water might be used^ 

The President asked if it was not objectionable to use water by 
meter, as tending to induce the use of too little ? 

Mr. Hoey, in reply, stated that, in the event of such an anomaly, 
then the diflBculty might be easily met by allowing a certain quantity 
of water per day for domestic use, which would require to be paid 
for whether used or not. 

The President said they could not both effect economy -and a 
saving of water. 

Mr. Hoey thought that was quite possible. He had said that 
people" in Glasgow used about 40 gallons each per day. Now he 
would say a proper proportion would be to allow 4 gallons per pound 
of rent per day, and any excess to be paid for. 

The President asked if Mr. Hoey's plan would cause two sewers 
to be employed ? 
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Mr. lIoEY said he did not interfere with the sewers at all. The 
present sewers remained exactly as they were at present, and carried 
off the surface drainage and the ordinary domestic sewage. The 
water-closet sewage was intercepted and collected in tanks, as 
explained ; and the chemical sewage was intended to be carried direct 
from where it was made along a separate line of pipes, and be applied 
to irrigation. 

The President said that of course each work must be connected 
with that pipe. Then the water-closet sewage was to be removed 
by air-tight carts. Did Mr. Hoey think it would be practicable to 
bring those carts to the receptacles in a state of vacuum, and then 
to connect them with a portable pipe, and still to maintain the 
vacuum ? 

Mr. HoET thought so. There was an air-tight pipe and tap to 
make the connection. 

The President said that Mr. Simon's plan would require means of 
nightly conveying away 28 millions of gallons of sewage, and 10 
million gallons of rainfall. 

Mr. Maclure said that the result of calculations showed Mr. 
Simon's plan to be preposterous, as it would require about 200 vessels 
to transport the sewage. 

Mr. Simons replied that ten or twelve vessels of 800 tons would do 
the whole work, and remove the disgraceful smell. 

Mr. Matheson said that an important element in Mr. Simon's plan 
was, how he would separate the sewage from the water I 

Mr. Howden considered that the chief difficulties in Mr. Hoey's 
system, would lie in the removal of the soil from the houses in tanks, 
and in preparing it afterwards for being utilized. The working of 
Mr, Hoey's water-closet was simple and quite practicable. He had 
seen similar closets in use, in Manchester, nearly ten years ago, 
which he believed were still working; they were regularly sold by 
plumbers. Their use was to prevent the waste of water, and get 
the soil away. This they did effectually, with the use, apparently, 
of about a gallon of water each time the closet was used. The 
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apparatus was arranged so that several minates elapsed before the 
small cistern that flashed the closet was again filled. An immense 
quantity of water could be sared in any town by such appliances. In 
Bristol he understood that the use of water meters, and other apparatus 
for preventing waste, was very generally enforced, and had reduced 
the consumpt of water to a remarkable extent. He did not consider 
the meter described by Mr. Hoey in his paper would prove to be 
durable. It was a very difficult matter to construct a water meter 
both simple and durable, and at the same time correct. There were 
water meters existing that fulfilled these conditions, and which were 
also very compact. If these were brought into general use in dwelling- 
houses, the great expenditure of water in Glasgow would be at once 
reduced^ The use of the appliances he had referred to in England was 
simply to save the water; to reduce the amount of water in closets to 
such an extent as proposed by Mr. Hoey — ^to about one-seventh of a 
gallon— -could not, of course, be adopted with our present sewage 
system, but would be absolutely necessary for the intercepting tank 
system, as proposed by Mr. Hoey. 

Mr. Brown said that if Mr. Hoey's plan were carried out, it would 
get over the difficulty of Mr. Simons's— the necessity of carrying away 
so much liquid manure. Their idea, however, was to allow the matter 
to settle, and, especially in the winter time, only to take away the 
heaviest part of it. The solid matter of the sewage of Glasgow 
would not be above 5000 tons, which could be carried away by 
eight or ten barges, and they meant to allow the liquid part to flow 
away. 

Mr. Maclure remarked that Mr. Brown was labouring under a 
mistake. The whole sewage of Glasgow was a very thin fluid, and 
there was really no solid matter whatever, with the exception of what 
arose from the mud and dirt off the streets and closes. 

Mr. Hoey said that it would never do to allow the fluid to run 
into the river, for in it was the most obnoxious portion of the sewage, 
and contained the most valuable fertilising ingredients. 

The Prbsidemt said, then the liquid might be evaporated. 
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Mr. HoEY replied that it was done by Mr. TurnbuU. 

Mr. Page said, of the many kinds of apparatus proposed and used 
for saying watef , there was one, of which he had some experience, 
which was most efficient and simple^— see Fig. 2, Plate XIV. It 
was merely a cast-iron vessel, connected by a brass union to a lead 
pipe, direct from the main. On the seat of the water-closet is placed 
a two-way tap. Its action is as simple as any machine can be. Fig. 3 
is a section of the two-way tap, showing the water-way from the 
main to the vessel; Figs. 2 aud 4 show the water-way from the vessel 
to the water-closet. The water is usually left on the iron vessel, 
when the closet is not in use. When it is necesssary to flush the 
closet, the handle of the two-way tap is turned, changing the water* 
way, as represented in Fig. 4 j and the communication having been 
cut off from the main, the water in the iron vessel can only be 
discharged into the closet, the quantity can be easily regulated by 
increasing or diminishing the size of the iron vessel. A glance at Fig. 2 
Will show that the apparatus works as an air-vessel, and that, according 
to the pressure on the main, so is the degree of compression of the air 
in the vessel, and consequently so is the effectual action in flushing the 
closet. This simple, cheap, and effective apparatus has worked well, 
cmd is used without a cistern. I would add, in reference to cisterns, that 
where they are used, no overflow-pipe should be allowed, and then more 
attention would be paid to the outlet fittings. 

Mr. HoEY, in answer to questions, said it would require ninety- 
two carts to take away the sewage of Glasgow according to hid 
plan. He could see no insuperable difficulty to- keeping the tanks 
air-tight. 

Dr. Fergus thought that the subject which had been discussed 

admitted of another aspect. Baron Liebig told them that, after 

scouring the whole world for manure, by and bye they would require 

to come back to human excrement. His own impression was that 

Mr. Hoey's plan was an excellent way of utilising sewage, as well as 

purifying the river. He was of opinion that the water-closets, and 

also the chemical works, were the cause, to a large extenti of 

2 c 
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destroying the pnrity of the river durinj^ the last twenty years. He 
believed, however, tlmt one chief cause of Ihe present polluted state of 
the Clyde arose from the bar across the river near Dumbarton Castle, 
the sewage ]jciug unable to get away, and so kept continually moving 
backward and forward up and down the river along with Ihe tide. 
He thouprht, therefore, that Mr. Maclure's scheme, to be successful, must 
include some plan of discharge below Dniii))nrton Rock, lie did not 
think that there was much strength in Mr. ^raelure's argument 
against Mr. ITocy's plan, that people would not be at the trouble of 
filling the sulphuric acid clianibers. lie thought there would be no 
difficulty ui arranging for that simple matter to be attended to. His 
impression was that the grajid point in Mr. Hoey's scheme was the 
facility with which it raiglit be introduced. In other schemes there 
was always an enomious initial expense; but Mr. Uoey's might be 
put to the test for £100 in any tenement of dwellings, tune would 
prove whether it was a practical sche^ne or not. He did not^think 
that the want of flusliing the pipe was any objection to the scheme 
whatever, because the li(|uid which i)as8ed away was previously 
deodorised. In the present coiimion sewers the inclination was much 
less tlian what was proi)osed by Mr. Ifooy's plan; but nuisances in 
houses often arose from a very different cause — from the waste pipes 
getting perforated by small holes, thus admitthig to the house the most 
deadly gases. AMershot camp had been referred to. Now he was 
aware that gastric fever had broken out in a camp in conse |uence of one 
of the pipes becoming plugged up with f(ecal matter; and he believed 
there was no more common source of gastric fever than smells from 
sewers. ^VEr. Hoey's plan would obviate that ; and besides, it ought 
to be remembered that human excreta was rich in all the best ingredients 
of guano. 

The President said the facility with which ^Ir. Hoey's scheme 
could be tried at a small expense, was certainly a most important 
feature of the plan. 
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NoU hy Mr. T. Hoet— ffec«rtf(? 44t7i May, i867.—lxi the after- 
discussion, I said that my belief was, that the ball-cranes for water- 
closet or other cisterns might be redaced to a delivery, in ten hours, 
of about double the quantity require*! per day for the closet, thereby 
preyeuting the present excessive waste by leakage. 

I stated that Dr. Gardiner assured me that such a closet as that 
proposed woukl, in Paris, insure a fortune bemg made out of it — ^it 
being the very thing required to manufacture jymidretfe successfully, 
they having all the necessary means for dohig so, with the drawback 
of an immense dilntiou of the soil in water, which it would effectually 
prevent. 

Having visited Craigentinney Meadows several years since, my 
▼ivid recollection of ita odours inclines me to indorse certain opinions 
of Dr. B. W. Richardson, which Mr. Maclure has entirely overlooked 
when quotmg from the paper read by that gentleman at the Leam- 
ington Congress, and which are to the effect that "the parasite 
diseases wore produced by the transfer of animal organisms from 
animals to man. They were mainly conveyed to the human subject 
through animal food. But animals feed on gra^ which might be 
ferlilised with seioage, and so the disease migld be trans/hred from 
antmals to vian ;" and as likely by milk, 1 suppose, as by animal food. 

After his enunciating such a theory of disease-transmission, and 
having smelt Craigentinney, or some such odours, the most in- 
veterately utilitarian sanitary reformer could scarcely be surprised 
at the conclusions arrived at by Dr. Richardson, who says— - 
"Accorduig to om' present knowledge, the best mode of applying 
sewage would be one which avoided the imnsfereruce of these gaaes. 
That town would be healthiest which had a perfect water-supply, a 
drainage wcU but not excessively flushed, and that carried away every 
particle of sewage into the sea." The inhabitants of our northern 
metropolis might benefit by the above advice of Dr. Richardson, to 
the extent of ridding themselves at once of a profitless nuisance and a 
long-standmg reproach, lie further says — '• The object of the 
economist was to remove sewage and save it. This would be corn- 
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patible with health if the sewage coald be perfectly locked np in a 
town." It woald be difficult to give a more condensed and complete 
description of the intercepting tank system than is contained in that 
single sentence of Dr. Richardson's regarding the " locking* up of the 
sewage in a town " — such being the legitimate effect of introducing 
that system, the entire process being conducted in close ressels. 

His recommendation—" that the sewage, if distributed, should be 
distributed away from a toum, where there can be no contamination "-^ 
any person who has ever beeu within a mile to the leeward of 
Craigentinney Meadows can easily understand. But as my individual 
experience in this matter is not of a very recent date, I may perhaps 
be excused for giving two cases of la^t year's experience. A gentle- 
man connected with one of our largest engineering establishments in 
town assured me, that after traversing the shore road from Portobello 
to Leith, he would never again speak of the Pontine marshes as being 
the highest representation of olfactory offensiveness. 

Further, a gentleman connected with one of our largest chemical 
works tells me, that while walking from Piershiil to Edinburgh, the 
most offensive odour seemed to saturate the entire atmosphere ; and 
that a quantity of grass, taken from a cart-load which was being 
conveyed from the Meadows, on the application of a moderate 
pressure, emitted a liquid smelling strongly of sewage. Such being 
the sensational effects of 250 acres of foetid swamp at Craigentinney, 
how much more terrible would be the effects of twenty times the area 
of festering semifluid putrefaction, which the execution of Mr. Maclure'g 
plan would call into existence in our case. 

In congratulating us on our abundant supply of splendid 
water, he apparently forgets that we require to pay the not 
unimportant sum of £90,000 per annum for this supply; and 
that this cheap scheme of his would involve us in an unavoidable — 
though, under proper arrangements, altogether unnecessary — domestic 
expenditure, in all tirne coming^ of our entire daily surplus supply 
of 14 million gallons, representmg, at £20 per million gallons, 
the enormous pqm of f 102,200 annnally for the purpose of vaialy 
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endeavoaring to wash the filthiness out of the present and proposed 
sewers, which, after all this enormous and costlj expenditure of water, 
would be but very imperfectly accomplished — ^the sewerage, through 
its tortuous course, still acting as a gigantic alembic evolving the 
most noxious gases. 

I read Mr. Maclure's pamphlet previous to the publication of my 
paper ; but, at the same time, I must confess that I do not know that 
his plan can be accomplished at an outlay of £882,081, nor even at 
double that amount. 

Mr. Page's ^< simple plan" partakes of the common imperfection of 
all its precursors, in want of accuracy of measurement, being an 
incomplete version of the apparatus patented by Mr. Jordan, of 
Norwich, about thirty-six years ago, as per specification published in 
Jamieson's Mechanical Dictionary, 1832, and only including an embodi- 
ment of Jordan's single elementary idea, and not wrought out at all 
in its modifications as the patentee has it. From the fact of the con- 
tained air being compressed in the charging of these vessele direct 
from the main, every variation of head pressure must produce a cor- 
responding variation in the quantity of water delivered at each dis- 
charge. If the pressure only varies from one atmosphere to two, and 
supposing the capacity of the vessel to be four hundred cubic inches, 
with a pressure of one atmosphere, the quantity of water given off at 
each would be tivo hundred cubic inches ; and with two atmospheres 
the discharge would become three hundred cubic inches. These cer- 
tainly cannot be called accurately measured quantities in the ordinary 
acceptation of the term, and would render it utterly inapplicable in 
working out the system I have recommended in Glasgow, as we have 
a much greater daily variation of pressure than one atmosphere. 

In conclusion, I quote one of ^'Mr. Bardwell's Twelve Reasons 
agamst Sewage Irrigation :" — 

^''Eleventh, — Besides the noxious sewage gas, there is also the 
noxious sewage weed- — as at Croydon, for instance — in minute floccu^ 
lent particles, which develope and multiply themselves with extra- 
ordinary rapidity j and where sewage irrigation is practised in 
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meadows it adheres to the blades and stalks of grass. It may be 
detected bj robbing the plant as close to the root as possible between 
the finger and the thumb, when it will emit an exceedingly oiTensive 
odour. This I showed to the astonishment of the gentlemen in a 
most eminent solicitor's office the other day. I am told the mortality 
of cattle around E^linburgh has been greater than in any other part 
of Scotland ; it may reasonably be inferred that this is mainly owing 
to the stock having been largely supplied with sewage-grown grass, 
seeing that the like effect has followed in the cow-bouses of London, 
where the animals have been fed with Crot/dm grass. Thus the 
demand for this grass having ceased— the neighbouring farmera 
won't use it — ^the proprietor resorted to the expedient of making it 
into hay. but with the most lamentable results ; for, notwithstanding 
all the drying and covering with rick-cloths, putrescence was not 
arrested, but the sewage weed decomposed and fired the stacks, 
leaving but masses of filth, fit only for manure. A friend of mine 
took me to Beddington to witness this. The stench of the debris was 
at that time abominable, and fully bore out the naive remark of the 
proprietor — * I don't like making hay !' So much for ' what is being 
successfully, done at Croydon.' 

(Signed) " Wiujam BiLRDWELL, C.E." 

Mr. Bardwell's conclusions, so thoroughly opposed to the opmions 
held by Mr. Maclure, would, if founded on indisputable facts, nearly 
settle the question of sewage inigation. 

Mr Maclure havhig admitted that he laboured under a mistake when 
writini^ his remarks on my paper, m believing that pntahU intercepting 
tanks were to be used. Conscniuently, however valuable his remarks 
may otherwise be, they do not in any sense apply to the fixed mtcr- 
cepting tanks that are proposed to be used, neither can they be 
applied to the working of the general system, of which these form 
an mt^gral part, as either being *' a repetition of the numerous plans 
proposed for hand collection and removal of night soil, or as being 
unavoidably dirty and disagreeable in its manipulation," and therefore 
require no further notice or refutation on my part. 
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Ofi a Afetltod of Utilising Sewage and Preventing Rivera Jrcmi heiiig 

FoUuied. 

By Mr. Datid Allan Graham, C.E., Perth, 

(see plates XV. AND XVI.) 



Camnunicated through Professor Rankine, and read 8th May^ i867^ 



At a considerable distance from the town or city, two or more large 
tanks, are constructed, Into . which the sewers — alteniatelff if two, 
and in rotation if raoro— discharge the sewage. The water separates 
itself from the soil by means of a filter bed, which sniTonnds three 
sides of each tank, and flows into the river by means of a gutter, as 
shown. After one traik is siifricicntly fnll, the sluice which connects it 
with the city sewer is shut, and the slnice wlucli connects it with the 
other tank opened, so that the one is ready for filling while the other is 
ready for emptying. 

A dredger working on a frame, similar to a travelling crane, then 
discharges the soil into trucks, which run on sunk lines of rail, which 
traverse the entire length of each tank. A stage rims along one side 
of the outside of each tank, from which a man sees ihroTigh the cir- 
cular windows in the side walls liow to direct the various movements 
of the dredger, &c., or bring tlie trucks uito position with the arrange- 
ments for that purpose, the whole being wrought from the outside by 
means of steam or other power, as may be found convenient. The 
tanks are covered with a glass roof, or i)artly gln«s and partly slate, 
so that light may use its influence to disinfect the interior; and they 
are also ventilated by means of a furnace at the base of a stalk, which 
coosnmes the foul gases as they are generated in the tanks, fresh air 
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being supplied by means of the draught created bj the furnace through 
holes suitably situated, one on either side of the doors of each tank. 

After the dredger has done its work, what remains of the soil is 
deodorized and disinfected, either with earth, sand, or some chemical, 
after which men enter, and scrape it into one place by means of the 
common road scraper* 

The sides of the tank are now washed with a jet of water, and water 
is to be forced through the gravel beds as far as that is practicable, 
so as to remove any soil that may lodge about them ; but if they have 
been wrought for some time, it may be found necessary to renew the 
beds and remove the old sand, and wash it and the gravel by means of 
an apparatus similar to a dash wheel. 

During the process of washing the beds, a filter sluice is lowered 
where the gutters discharge themselves into the river, which prevents 
the soil in the water from passing into the river. Should there be 
tides, and the sewer levels be low, it may be found necessary to use a 
large centrifugal pomp during a paft of the day ; but it could also 
be used for irrigating land, by throwing the water into a cistern, which 
would give a head to overcome the friction in the pipes. 

Fig. 1 is a ground plan of the tanks ; they are about 6 feet deep, 
and 200 feet long by 40 feet wide. The bottom is paved either 
with fire-clay or pavement. A series of buttresses, B, surround three 
sides of each tank, 10 feet apart, into which are batted cast-iron 
frames, P, two between each pair of buttresses. These are placed 
four feet apart, the one, F 1, flush with the inside of, and forming the 
sides of the tank. These frames are formed with slides into which 
perforated squares of fire-clay are slid, the one above the otfcer. 

The space, S, between the two frames is filled with fine gravel and 
sand mixed. The spaces, G, at the back of the frames are filled with 
fine and rough gravel mixed. These beds may either run into the 
gutter G, which surrounds three sides of the tanks, or may terminate 
in another cast-iron frame with perforated squares of fire-clay aft 
before, but only 1 foot 6 inches deep; the gutter is also filled with 
large sized pebbles. But this last arrangement is unnecessary, if ih« 
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pebbles are laid down larger to the outside than on the inside. The 
water from the soil in the tanks flows through the beds into the gut- 
ter, and from it into the river. 

The trucks are brought into position in the following manner:—- 
Between each line of rails (which are sunk to the level of the floor of 
the tank, so as not to come in contact with the dredger when it is 
working) a puUey, P, hung on a bracket, is made to slide along in a 
cast-iron groove, X, between the rails. As the soil is removed by the 
dredgers, the barrel, B, is wound up, the chain attached to the pulley 
bracket drags it along the groove, and by this arrangement the wag-^ 
gons can always be brought into any position required. The chain 
that works on this pulley returns to the door of the tank at the top of 
the inclined plane, P, dredger. The dredger works on a frame similar 
to that of a travelling crane, and is driven with an endless cotton 
rope, R, which is guided on to the pulley by means of two other pul- 
leys, T, a row of columns running up the centre of the tanks support 
the middle of the crane by means of wheels, W, working on a line of 
rails placed on them. 

Each dredger traverses one-half of the house, and they are brought 
into any position desired, with a screw working a prong, Z, which 
embraces the block upon which the buckets work. 

The frame is brought into position by means of a drag-chain and 
winding barrel, and Y, and as it advances a pall falls into a rack, B, 
and keeps the machine from receding with the drag upon it. The 
lower part of the dredger frame is supported from the block L, which 
can be adjusted to suit. The arrangements for effecting these motions 
are shown in large scale elevations. Fig. 2. 

The roof is made of glass, or partly of glass and partly slate, 
bedded into putty or other cement, so as to keep the gases from escap- 
ing by the joints. 

The couples shown are T ^^^y ^P^^ which T iron purlins run along, 

and on the top side of which are screwed pieces of wood, upon which 

are nailed the zinc or cast-iron X strips upon which the glass or slates 

are to be bedded. 

2 D 
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After the reading of the paper, 

Mr. Jai. R. Nafieb thought that allowing the iiquid part of the 
sewage to mn waste, and collecting the solid only, woald not be ap- 
proTed by the mannfactarers of mannre, as the liquid was believed to 
contain the greater part of that which is valaable, and that also which 
affects iiyuriously onr rivers. 

Mr. W. Smith said that the ideas in the paper were quite new, and 
that it was unwise to dogmatise on snch a subject ; but, if the paper 
had contained the results of practical working of the scheme, it would 
have been more satisfactory. It certainly was a strong objection to 
the system proposed, that the liquid part was to be lost; but one could 
scarcely express an opinion upon it without making calculations which 
the paper did not give. 

Mr. J. Hamilton suggested whether it was not intended to retain 
the valuable part of the manure in the filtering tank! 

The President said he was afraid it would be impossible to abstract 
it by filtration. 

Mr. HowDEN said he doubted whether it would be practicable to 
pass per day the 30 million gallons of Glasgow sewage through tanks ; 
and, if tanks enough could be got, he was afraid that the filters would 
require to be made so wide as to be practically useless. He was afraid 
the plan would not suit for such a city as Glasgow. 

Dr. Fergus was very much of the same opinion. The sewage of 
all large towns was so liquid that it would not suit. The sewage of 
Glasgow amounted to at least 24 million gallons a-day, and the ram- 
fall would be nearly as much ; so that there were between 40 million 
and 50 million gallons would require to pass through the tanks. Now, 
it seemed to him impossible to keep so many filters in perfect order, as 
would be required for so large an amount of sewage ; for every one 
knew how difficult it was to keep filters clean. Then, undoubtedly, 
the f(Bcal matter existed in the liquid, and he could conceive of no 
method of filtration, by mechanical means, that would retain it. It 
was possible, perhaps, to have chemical filters, in passing through 
which the foecal matter might be fixed and retained ; but he did not 
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know that each a plan was workable. Iq striking contrast to this plan 
of Mr. Graham's was that brought under notice by Mr. Hoej at a 
preYloQS meeting, bj which the whole valnable matter was retained, 
and no waste took place, while they wonld get rid of those vile emana- 
tions from the sewers, whidi polluted the atmosphere, not only of the 
streets, but of their houses ; for it waa well known that, on drawing 
the plug of a water-closet, every square-inch of foul air displaced by 
the water rushed into the house. He could not see anything about 
this system to commend it. The subject was a clamant one, and ought 
to receive careful consideration, so that an end may be put to the great 
waste now going on of phosphates and other valuable matter in the 
sewage. 

The Presidemt asked Dr. Fergus whether there was any such chemi- 
cal filter as he had referred to, that would retain the valuable part of 
sewage, and send out the liquid as pure water! 

Dr. Fergus said, if it were passed through charcoal it would be 
deodorised ; but the expense would be so enormous as to make that 
system utterly impracticable. 

The President asked whether it was, in fact, possible to retain by 
filtration what was held in chemical solution! 

Dr. Ferocs said his opinion was, that the fcecal matter was held in 
mechanical suspension; but, unless they could fix the ammonia and 
other volatile gases, it would be useless. He thought it might be pos- 
sible to do so, but at a great cost. It was also against Mr. Graham's 
system, that the cost of apparatus to give it a trial would be very con- 
siderable. 

Mr. Browni^e said the valuable salts were held in solution by the 
liquid, and if that was allowed to run off to waste by ordinary filtering, 
the solid matter remaining would scarcely be worth carrying away. 
He thought a great recommendation to Mr. Hoey's plan was, that it 
could be tested at little expense. He thought it was well worthy of a 
trial. 

Mr. Donald said it appeared to him that the question divided itself 
into two parts*-that the term filtration applied to solid matter, and 
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chemical attraction to substances held in chemical solution. He thought 
Dr. Fergus had not kept these distinctions properly in view. 

Dr. Febgus said that a mechanical filter could only collect matters 
held in mechanical suspension; and he had not said that such a filter 
would retain and preserve the valuable part of liquid manure. 
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On the Comparaiive Strengths of Long and Short Struts, 
By Mr. James MacCallum, C.B. 

CSEE PLATES XVII. AND XVTII.) 



Read 8th May, 1867. 



This method of finding the strengths of long stmts, is but the 
geometrical expression of the principle first suggested by Tredgold, 
applied by Gordon, and elaborated by Rankine, viz., that in a 
strut, one part of the greatest stress is that due to direct crushing 
uniformly distributed over the cross section, while the remainder is 
due to the bending action produced by the strut diverging laterally, 
thus relieving the crushing force on one side, and intensifying it on 
the opposite side. The formulae, to which the application of this 
principle leads, although not complex, are found irksome in practice, 
more especially in the designing of struts, as the method of trial and 
error (which has to be used) involves the necessity of making the cal- 
culations two or three times over; and, besides, considerable care has 
to be taken in giving the proper values to the different quantities 
which enter into the calculations. It was meeting with such tri- 
vial difificulties which first suggested the method given below, but 
perhaps its greatest use is the assistance it gives in forming clear con- 
ceptions on the subject of resistance to crushing by bending. 

The questions which are here solved graphically (see Plates XVII. 
and XYni.; are— 

(a) Given the length, breadth, and sectional area of a long strut, 
what is the sectional area of a short strut, which would be of the same 
strength as the given long strut? And the sectional area thus found 
being multiplied by the crushing strength of the material (as found by 
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experiment, and recorded in tables of strength), will give the crushing 
strength of the given long colamn. 

(b) And conversely, in designing a strut of a given length, to with- 
stand a given crushing load: that load divided by the crushing strength 
of each square inch (as given in tables), will be the sectional area 
required for a short strut ; but what would be the necessary area for 
the long strut ? 

These are the questions which are to be answered, and to begin 
with the case which is perhaps of most frequent occurrence, and which is 
also the simplest, viz., that of a solid cylindrical wrought-iron rod. 
For example, let it be required to find the crushing load of a wrought- 
iron rod 5 feet 3 inches long, and 1| inches diameter (see fig. 3). 
Draw A = 1| inches, at h erect a perpendicular whose length is the 
length of rod (5 feet 3 inches) to the scale of ^ inch to the foot, and 
along it make A equal to the base; from the point thus found draw 
hh' perpendicular to the base, intersecting the latter in the point A' ; 
then O A' (= 1*4 inches) is the diameter of a short rod of equal strength 
to the given long rod, and consequently its area is 1*4 x 1*4 x *7854 = 
2 sq. inches nearly. 

This exemplifies the method of obtaining the strengths of stmts 
whose dimensions are given, but the designing of struts of a given 
length, and to just withstand a given crushing load, is a somewhat 
more difficult problem. Let it be required to find the diameter of a 
cylindrical rod 6 feet 8 inches long, which will just crush with a given 
load of 82 tons. Assuming the crashing strength of short wrought- 
iron struts to be 16 tons per sq. inch, the requisite area of short strut 
would be 2 sq. inches, corresponding to a diameter of 1*4 inches. 
Draw a straight line half the length of this diameter (see fig. 4) ; at 
one of its extremities erect a pgrpendicular equal to the length of rod 
drawn to the scale of ^ inch to the foot, draw the hypothenuse of the 
right angled triangle, and produce it through the vertex to O, making 
the part so produced equal to half the given diameter of the short rod; 
along the hypothenuse from (towards the vertex) lay off O h' equal to 
the given diameter of the equivalent short rod; and upon the hypothenuse 
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produced to O describe a semicircle. Lastly, at the point h' erect a 
perpendicular intersecting the semicircle ; the length of the line joining 
that point with will be the required diameter of the rod. By the 
measurement, it is found to be exactly If inches. As there is no bending 
action at the ends, the diameter there might be 1*4 inches, while the 
diameter at the middle remained If inches, or perhaps it would be 
more philosophical to make it rather more than 1| inches, to com- 
pensate for the slight diminution of stiffness caused by turning off the 
metal at the ends ; but, practically speaking, that extra metal adds 
Uttle to the strength of the rod. The scale to which the length is set 
off, is rather more than ^ inch to the foot, and is scale B of the 
accompanying set. 

But that part of the greatest stress which is due to bending, is 
affected by the form of cross section, and hence the necessity for 
using different scales for every different form of cross section. Thus 
scale A is suitable for solid, square, or rectangular sections; scale 
B for circular sections ; scale C for thin, hollow, square sections ; and 
scale D for thin, hollow, circular sections. Further, the method of 
demonstration indicated below, shows that an [^ iron, say 2 feet long 
and 3 inches leaf, is just as much weakened by reason of its length 
as a thin hollow square strut 1 foot long and 3 inches sqaare ; hence the 
scale for the latter can be made use of for the former by simply doubling 
the length of strut. This shows the use to be made of the factors given 
on the scales. 

The experiments of Mr. Hodgkinson have shown that if a strut be 
jointed at the ends (as in connecting rods), or otherwise so fixed that 
it is free to bend, its strength is the same as that of a short strut of 
half the length, firmly fixed in direction at each end ; while a strut fixed 
in direction at one end only, and jointed at the other (or at all events 
free to move at that end), is of the same strength as a strut three- 
fourths of its length and fixed at each end. These scales being 
suitable for struts fixed at both ends, can be adapted to struts fixed 
at one end only, by multiplying the length by J, and to struts jointed 
at both ends by multiplying by 2. However, in the table on Plate XVII. 
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the factors made nse of are f and 2, instead of f and 2, for the sake of 
being on the safe side in a matter that does not admit of hair-splitting 
accuracy. 

When we have to deal with struts of other materials than wrought 
iron, we have little difficulty in adapting this method to suit our pur- 
pose. Experiment has shown that cast-iron and timber struts are 
weakened by lengthening them somewhere between three or four times 
as much as wrought-iron is weakened. The proportion adopted by 
Professor Gordon for cast-iron is 3*35; that adopted by Professor 
Rankine for dry timber is 3*46. 

The examples given in Articles 3 and 4 will sufficiently illustrate the 
other figures of cross section; but it may be added, that in finding the 
strengths of every kind of strut (except, perhaps, those of solid, square, 
or circular sections), whose dimensions are given, fig. 1 will be found the 
most useful, while, in designing long struts, the whole of the figs. 2, 
4, 6, and 8, will be found of use. Fig. 6, although stated to be for 
solid rectangular sections, will be found useful in designing all irregular 
sections, such as L ^^on, H iron, &c., the precaution being taken to 
increase the thickness of metal in the same ratio that b' has been 
increased to 5, and h' to L But as this would often lead to uneven 
measurements, it has been found 1)ctter in practice to use fig. 6 as a 
guide to assist in fixing upon the transverse dimensions, verifying by 

fig. 1. 

In demonstrating these constructions, the formulae arrived at by 
Professor Rankine will be assumed. Their demonstration is given in 
his "Applied Mechanics," and extended in his "Manual of Civil 
Engineering." For struts fixed at each end, it is shown that 



S 1 + -^ 

cr* • • • • • (1) 

when P is the crushing force on the strut of length /, least radius of 
gyration of cross section r, and sectional area S. Let A be a dimen- 
sion of cross section measured perpendicular to the axis of the least 
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radias of gyration, and therefore proportional to r and 6, a cross sec- 
tional dimension measured perpendicular to ^ ; c is a constant, peculiar 
to each material; and / is the resistance to direct crushing of 
unit area. 

And, further, let S' be the sectional area of a shott strut of equal 
strength to the preceding long strut, b' and h' transverse dimensions 
of the short strut corresponding to the preceding dimensions of the 
long strut, then plainly— 

1=^ « 

-'- lr.'.^.'-±^ (S, 

where for brevity o" is put for — 

Now since r OC h r^nh equation (3) becomes 

a_''''+n'^ f>' + n,'l' .... (A) 

g u' — * h' ' ^'^ 

vhere n' ^ - = — — and in the notation nsed on these scales, 
n n "/ c 

L = »' 4 so that equation (4) may be written : — 

S'_ y + L' (5) 

In flgs. 3, 4, 5, and 6, gr = ;^ = ^a, wherefore (from equation 5), 

h h ^ ^frrV ZO^ (6) 

K -h' h h ' ^ 

Or A : OA :: 0/i : 0// 

and O A : O A :: O J i O ft' 
which two proportions are easily seen from the similarity of the 
triangles. 
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To demonstrate the construction in Fig. 1. 

Equation (6) becomes^ = =---. = .»»- " >^ „ == 7^-5 . • (7) 
- ^ ^ S' 0A« OA O B OB ^ ^ 

or OT I'oh : : OS : OTS' the demonstration of Fig, 1. 
and conversely OB : OA : : OS' '- 0"S"the demonstration of Fig. 2. 

The demonstrations of Figs. 7 and 8 are the same as those for Figs. 
1 and 2, substituting h for S, V for S', O^ for OS", and 0^' for OS'. 

To demonstrate Figs, 4 and 6. The solution of equation (6) for A 
gires — 

or A is a mean proportional between A' and I L* +Q ) J + ~ 
B.IAB.[l.+(?)7 OA-l' 

•••OB-[L..(f)']V|' 

and OA is plainly a mean proportional between (TB and OT" .'."OTa 
= A, (iJS.D. 

Mr. Jas. R. Napier, in the absence of the author and secretary, 
read the paper. He stated that it was a graphic solution of the 
formulflB published by Dr. Rankine in his "Applied Mechanics and 
Useful Rules and Tables," and, in order to make it more useful, 
Mr. M'Callum had given a table for wrought-iron, cast-iron, and dry- 
timber. He explained also how the scales were formed by working 
O'-it the scale for circular sections, showing its near coincidence with 
the common scale of \ inch to the foot. It was a very valuable paper, 
and one which would be useful in many cases. The scales were drawn 
to the full size, and might be used with great advantage in discovering 
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the right dimensions of piston-rods, connecting-rods, and other parts 
of machinery, by taking the dimensions of one that was known to be 
suitable as the fonndation of the calcalations. 

Mr. J. E. Wilson said he had tried the system, and found it very 
useful. 

Mr. W. Smith said it would be found very useful in bringing out the 
proportional strengths of machinery. 

The President asked whether the effect of vibration was considered t 
Mr. Napier had pointed out that it took into account the crushing and 
bending strains. 

Mr. Jas. R. Napieb did not know at the moment what elements 
affected vibration. But for connecting-rods it was directly applicable. 

Mr. Brownlre thought it would be very useful and convenient in 
application. 

Mr. HowDEN considered it a very useful thing, as it was so very 
simple. 



Digitized by VjOOQIC 



Digitized by VjOOQIC 



237 



On an Indicator for ascertaining the Speed of Ships* 
By Mr, Jas. R. Napier, 

(see plate XIX.) 



Head 8th May, 1867, 



The following letter, by Mr. Fleming Jenkin, gives an account of 
trials made with an instrument I had designed some years before, 
for getting more reliable information as to the speed and efficiency of 
ships at sea than trial trips usually give. A description of it will be 
found in the Proceedings of the Philosophical Society of Glasgow, for 
1854. 

Mr. Jenkin's letter refers to arrangements I had made, at Mr. Lewis 
Gordon's request, for ascertaining the speed of a ship belonguag to 
Messrs. Newal & Co., that was about to proceed from the Mersey on a 
telegraph-laying expedition. As my own instrument is better adapted 
for high than for low velocities, I thought it possible that some means 
might be found of using the ordinary water tube for the lower velocities, 
and so provided two of glassj connected to the ship's side by nozzles, 
similar to those used in the mercury instrument. The orifice of the one 
instrument faced the bow, to show velocities due to the height of the 
water column above the surface of the sea. The orifice of the other 
faced aft, to show velocities due to the depth of the water column 
below the surface of the sea. It was supposed that these two water 
tubes might be so worked as to indicate, with tolerable accuracy, the 
sea level, and so the greater range of the water scale might be made 
available. Mr. Jenkin refers to these water instruments in diagrams 
2, 8, and 4. 

As the Secretary of State in Gonncil for Lidla has sanctioned the 
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application of the Mercury Indicator to some vessels building for the 
Godavery Navigation Works, it appears to me that the present is a 
favourable opportunity for letting Mr. Jenkin's opinion of it be known. 



COPY OP MH. JENKnfs REPORT. 

Birkenhead, 2nd Stptember^ i857. 

Dear Sir, 

I am directed by Mr. Lewis Gordon to forward the 
enclosed tracing of diagrams (Plate XIX.) relating to the log, and also 
to give some account of the observations on which they are founded. ' 

Diagram No. 1, shows five observations on the height of mercury at 
various speeds. 

Observation No. 5 was much the most satisfactory, as the ship had 
been going at a constant speed for some time in still water, with the 
mercury steady. 

The curve deduced from this observation, k= ^ passes very near 

Nos. 2, 8, and 4. No. 1, 1 believe to have been a mistake of the 
mate who heaved the log. I have little doubt that he was just a 
knot wrong. 

We could run no measured mile, and had to trust to the log for 
Nos. 1 and 5; to the pilots guess for No. 4; just before log was 
heaved for No. 1, and to the time a piece of wood took to drift past 
the ship (taken by stop watch), for Nos. 2 and 3. I feel quite convinced 
that, once properly graduated, by running the measured mile at various 
speeds, your mercury log would be infinitely more accurate than any 
such methods. The mercury was very sensitive, and yet the oscillations 
were easily reduced to a sixteenth of an inch by the cocks. Shutting 
the cocks does not affect the mean height of the mercury. 

The real heights observed at six knots, being one inch and a-half, is 
very near the theoretical height for positive and negative pressure, the 
sum of these giving 1.74 inches. 
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Diagram No. 2 shows the corresponding heights of difference of 
level in the two water tubes, the vertical scale being ^ inch = 1 inch, 

this gives the curve from /* =-2^' 

The heights of water column corroborate the mercury observations 
very renparkably; this is more distinctly seen in diagram No. 3. It 
was much easier to observe the respective heights of mercury and 
water at each small variation of speed, than to ascertain this speed. 
I, therefore, took a great number of such observations, and having laid 

down the mercury curve from the formula h= ^ pricked the 

observed height of water opposite that point of the curve which had a 
vertical ordinate equal to the observed height of mercury. The water 
curve forms a most beautiful mean amongst these. 

Before the ship left the river Mersey, at the turn of the tide, I 
chalked the level of outside water of the sliding scale, and was thus 
enabled to measure both positive and negative pressures. The negative 
is not quite so large as the positive; owing, I believe, to the fact, that 
the water being checked by the back of the tube does not run past the 
opening at the full speed of the ship; it appears, however, to follow the 
same law. 

The water gauge is less convenient to observe. 

I did not succeed in making the oscillations in the two tubes 
simultaneous. A second pair of cocks are wanted above the clastic 
tubing, as it is not very easy to tell when the communication with the 
sea is cut off, the tubing giving the little oscillation, but with this slight 
improvement it would answer excellently for slow speeds. For high 
speeds the mercury leaves nothing to be desired. 

The water scale was cut out, to go to Bona in a hurry. 
Yours truly, 

FLEMING JENKIN. 

James R. Napieb, Esq., 
Glasgow, 
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INSTITUTION OF ENGINEERS IN SCOTLAND 

WITH WHICH 18 INCOBPOBATSD THB 

SCOTTISH SmFBTIELDEES' ASSOGUTIOir. 

TENTH SESSION, 18«6-67. 



MINUTES OF PROCEEDINGS. 



The First Qenbra.l MEBrma of the Tenth Session of the Institution 
was held in the Hall, 204 George Street, Glasgow, on Wednesday, 
the 3l8t October, 1866, at Bight o'clock p.m., — ^Mr. J. G, Lawbie, 
President, in the chair. 

The Minntes of Meeting of 28rd May were read, approved of, and 
signed by the Chairman. 

The following candidates for admission to the Institution were 
elected: — 

AS MEMBERS. 

Mr. Abraham P. Klein, 9 Mersey Chambers, Liverpool. 

Mr. Jonathan Htslop, Civil and Mining Engineer, Wishaw. 

Mr. H. T. Lannigan, 11 West Campbell Street. 

Mr. John Todd, Branford Place, Duke Street, Glasgow. 
2 F 
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AS A GBADUATE. 

Mr. Herbebt Qroyes, at 175 Hope Street. 

The following Report of the Council was read, and approved of: — 

Thb Council have pleasure in submittiag to the Institution the following 
Report: — 

At a meeting of Council held on the 8th October, 1866, the following 
Committees were appointed: — 

Finance Committee, 

David M'Call, Treasurer, Convener. 
James Brownlee. 
James Hamilton. 
Anthony Inglis. 

Lihrart/ Committee. 
James R. Napier, Convener, 
Robert Hansel. 
J. G. Lawrie. 

Committee on Institution Buildings, 
J. G. Lawrie, Convener. 



W. M. Neilson. 
John Downie. 



Benjamin Conner. 
Anthony Inglis. 



James Hamilton. 
James R. Napier. 



LIBRARY. 
The Council have pleasure in noting the following donations of 
Books, Ac, to the Library of the Institution during the recess: — 

(For List of Donations see Page 259,) 

The Library Committee invite the co-operation of all Members, 
Associates, and Graduates of the Institution in procuring donations of, 
and recommending and assisting them in the selection of suitable books. 
The Committee are at present engaged in having the periodicals and 
the unbound books bound, and are arranging a new catalogue. 



Digitized by VjOOQIC 



Minutea of Proceedings. 243 

The Goancil are glad to be able to congratulate the Institation on 
the continned increase of members, and direct attention to the great 
importance of introducing additional Members, Associates, and Gradu- 
ates. 

Forms of application can be obtained from the Secretary at any 
time. 

The numbers on the roll at the end of last Session were: — 

Hon. Members. Members. ABSociates. Graduates. 

10 800 70 15 

DECEASED MEMBERS. 

It is with regret that we have to record the decease of Mr. Nicholas 
Wood, Honorary Member; Mr. Benjamin H. Blyth, Mr. George 
Thomson, Ordinary Members ; and Capt. Whyte, Associate. 

Nicholas Wood of Hetton Hall, Durham, was elected an Honorary 
Member of the Institution, 25th November, 1868. He was bom at 
Ryton, Durham, on the 24th April, 1795, and died in London, on the 
19th December, 1865. 

He held a high position as a Mining Engineer, and was largely con- 
sulted by private parties, and frequently by the Government. He 
commenced his mining experience as Colliery Viewer at Killingworth 
Colliery, near Newcastle. 

Although Mr. Wood's profession was more especially that of a 
Mining Engineer, we find his name associated with many of the more 
important questions in engineering progress in general, especially loco- 
motives and railways; and in 1825, he published a practical treatise 
on rail-roads; in 1829, he was elected a judge in the competition of 
locomotives on the Liverpool and Manchester Railway. 

PRIZE MEDALS. 

The Medals for Papers read during last Session, will fall to be 
awarded at an early meeting. Members are reminded to be prepared 
on this point. 
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For Papers which maj be read daring the ensuing Session, the 
following Medals are offered for competition : — 

*'The Railway ENGiNEEama Medal/' for commonications on 
Railway Engineering and Practice. 

''The Marine ENamEERma Medal," for commnnications on 
subjects on Marine Engineering. 

"The Institution Medal," for subjects not comprehended by the 
Railway or Marine Engineering Medals. 

These Medals are offered for competition under the following con- 
ditions, as passed at a meeting of the Institution held on 1st March, 
1865, viz.: — 

"The medals shall be given annually, if the Council be of opinion 
that Papers of sufficient merit have been read in the respective depart- 
ments; but if it shall be the opinion of the Council that a Paper of 
such merit has not been read in any department during any Session, 
the Council shall submit the question to the decision of the Institution; 
and in the event of the Institution confirming the opinion of the Council, 
the Medal shall not be given in that department, and the interest 
arising from that particular Medal Fund, shall be added to the 
principal.'* 

PAPERS. 

Communications are invited on the science or practice of all branches 
of Engineering and Shipbuilding, including the description of works 
executed; the description and performances of machines and ships; the 
applications of new inventions; the record of experiments, &c. 

Those who have not done so already, and may wish their communi- 
cations brought before the Institution during the Session, will please to 
communicate with the Secretary as early as possible, so that suitable 
arrangements may be made. 

The Council hope, during the Session, to bring before the Listitution 
valuable communications on a variety of subjects. 
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INSTITUTION BUILDINGS. 

Daring last Session an attempt was made, in conjunction with other 
societies, to devise a scheme by which all the scientific and art societies 
might unite and procure a suitable and conyeniently situated building 
for the purpose of meetings, library, reading-rooms, &c. After several 
meetings on the subject had been held, and much delay, many difficul- 
ties appeared in the way of conducting such a scheme to a successful 
termination. The Council considering the amount of funds at the 
diisposal of the Institution, and the aid by subscription, which they 
might reasonably reckon upon, from several of the members, thought 
the Institution might, independently of the other societies, procure a 
suitable building for their own purposes, and perhaps be able to 
accommodate some of the other societies as tenants. At a special 
general meeting of the Institution, held on the 23d May last, a motion 
was brought forward to empower the Building Committee, previously 
appointed by the Institution, to lease or purchase suitable premises for 
the accommodation of the Institution, and to raise subscriptions for 
that purpose. There being, however, a small attendance at the meet- 
ing, it was thought unwise to press the motion to a decision, and the 
matter now rests in that position. 

The Council still think that it is practicable for the Institution to 
procure a building such as has been contemplated, and that in all pro- 
bability other societies would take advantage of such acx;ommodation 
as we could offer them. 

In making choice of a building for the purposes of the Institution, it 
appears to the Council that due regard should be had to the following 
points: — 

First. That the building should be suitable for holding meetings, 
' and have library and reading-rooms, &c., and be situated to the west 
of Buchanan Street. 

Second. That it would be important that the building should not 
be far removed from the business centre of the town, so that the rooms 
might be used as a place of call for members of the Institution. This 
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is thought yery desirable consideriDg the large nambers of non-resident 
members to whom snch a convenience would be a great boon. 

The Coancil, however, desire in this important matter to have the 
advice and support of all interested. 



The President delivered his Inaugural Address. 

A Paper "On an Improved Overhead Traversing Crane, Worked bj 
Power," by Mr. Wm. Smuh, Eglinton Engine Works, was read. A 
discussion followed, and was terminated. 



The Second General MEErma of the Institution was held in the 
Hall, 204 George Street, Glasgow, on Wednesday, the 28th November, 
1866, at Bight o'clock p.m., — ^Mr. J. G. Lawbie, President, in the 
chair. 

The Minutes of previous Meeting were read, approved of, and signed 
by the Chairman. 

The following candidates for admission to the Institution were 
elected : — 

AS MEMBEB6. 

Mr. M'Tagoart Cowan, 86 Fort Street, Ayr. 
Mr. James Stirldk}, Glasgow and South- Western Railway, Kil- 
marnock. 
Mr. Joseph Russell, Shipbuilder, Port-Glasgow. 
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A Paper '^On the Comparative Merits of Lloyd's Rales and the 
Liverpool Underwriters' JRnles for the Construction and Classification 
of Iron Ships," by Mr. John Price, Sunderland, was read. The 
discussion was adjourned till the ordinary General Meeting in January. 



The Thibd General Meeting of the Institution was held in the 
Hall, 204 George Street, Glasgow, on Wednesday, the 26th December, 
1866, at Eight o'clock p.m., — Mr. J. G. Lawrie, President, in the 
chair. 

The Minutes of previous Meeting were read, approved of, and signed 
by the Chairman. 

The following candidates for admission to the Institution were 
elected: — 

AS MEMBERS. 

Mr. James B. Kandtside, 92 West Regent Street. 

Mr. Daniel Rankin, Eagle Foundry, Greenock. 

Mr. Edward Blackmore, Eagle Foundry, Greenock. 

Mr. Wm. Pearce, Albert Cottage, Govan. 

Mr. James L. Cunliff, 8 Walmer Crescent. 

Mr. John L. K. Jamieson, 180 West Regent Street. 

AS AN associate. 

Mr. John Whtte, Prince Consort Place, Leith. 

AS GRADUATES. 

Mr. James Hamilton, Junr., Royal Crescent. 
Mr. James Gilchrist, 11 Sandyford Place. 
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A Paper ^^On the Emplojment of Steel m Shipbailding and Marine 
Engineering," by Mr. OEonaE Babbeb, was read; a discoBsion followed, 
and was terminated. 

Part I. of a Paper "On Railway Carriages," by Mr. John Page, 
G.E,, was read; a disenssion followed, and was adjourned till the read- 
ing of Part n. of the Paper. 



The Fourth General Meeting of the Institution was held in the 
Hall, 204 George Street, Glasgow, on Wednesday, the 80th January, 
1867, at Bight o'cloclc p.m., — ^Mr. J. G. Lawrie, President, in the 
chair. 

The Minutes of previous Meeting were read, approved of, and signed 
by the Chairman. 

The following candidates for admission to the Institution were 
elected; — 

AS members. 
Mr. Duncan Stewart, London Road, Mile-End. 
Mr. Albert Castel, 27 Florence Place. 

AS A graduate. 
Mr. John S avert Caret, 175 Hope Street. 

Mr. R. Bruce Bell moved that the Institution should vote a further 
sum of £25, to be expended in the purchase of books, &c., for the 
Library. Mr. T. Davison, seconded the motion, which was unani- 
mously agreed to. 
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The President intimated that the Gonncil proposed that the Insti- 
tution should hold a Conversazione in the Queen's Rooms, on Friday, 
the 22nd March next. The meeting unanimonsly approved of the pro- 
posal of the Gonncil. 

The adjourned discussion on Mr. Price's Paper *'0n the Com- 
parative Merits of Lloyd's Rules and the Liverpool Underwriters' 
Rules for the Construction and Classification of Iron Ships," was 
resumed and terminated. 



The Fifth General Mketing of the Institution was held in the 
Hall, 204 George Street, Glasgow, on Wednesday, the 27th February, 
1867, at Eight o'clock p.m., — Mr. J. G. Lawrie, President, in the 
chair. 

The Minutes of previous Meeting were read, approved of, and signed 
by the Chairman. 

The following candidates for admission to the Institution were 
elected: — 

AS members. ' • 

Mr. Alexander M'Kinlay, Custom House. 
Mr. W1L1.1AM Wilson, 349 Eglinton Street. 
Mr. James M'Callum, 49 Anderston Quay. 
Mr. John F. F. Common, Royal Exchange Area. 

It was moved by Mr. R. M. Costelloe, seconded by Mr. T. Davison, 

and unanimously agreed, that a Committee be appointed to draw up a 

2 o 



Digitized by VjOOQ IC 



250 Minutes of Proceedings. 

Report, and memorialize the Board of Trade in reference to the BUI 
about to be introduced to Parliament to Amend the Merchant Shipping 
Act, 1854. The following were appointed Members of Committee: — 
Messrs. J. G. Lawrie, Geo. Smith, jun., James Allan, John Ferguson, 
R. Duncan, R. Mansel, R. M. Costelloe, A. Gilchrist, D. Rowan, W. 
Simons. Mr. Lawrie, convener. 

Professor Sir Wm. Thomson delivered a lecture " On the Rate of a 
Clock or Chronometer, as influenced by the mode of Suspension." The 
arguments were throughout supported by convincing experiments on 
chronometers, clocks, and watches. 



The Sixth General Meeting of the Institution was held in the 
Hall, 204 George Street, Glasgow, on Wednesday, the 27th March, 
1867, at Eight o'clock p.m., — ^Mr. J. G. Lawuie, President, in the 
chair. ^ 

The Minutes of previous Meeting were read, approved of, and signed 
by the Chairman. 

Mr. James M. Blair, Clydesdale Iron Works, was elected as a 
Member. 

The thanks of the Institution were voted to Mr. C. Randolph, for his 
valuable donation of books to the Library. (See Page 265.) 

Messrs. Wm. Ramsay and Alex. Smith were appointed Auditors, 
to audit the accounts for the current Session. 
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The President, referring to the death of Mr. William Tod, said — 

Since we last mcft in this place we have to lament the loss of a promi- 
nent member of this Institution, Mr. William Tod; the son of a distin- 
gaished father of whom this Institation — of whom the city of Glasgow, 
and indeed the whole kingdom, was justly proud, proved to be a succes- 
sor not unworthy of his father, the late Mr. David Tod. Such men in 
this country, and in this age of science and mechanics, are those to whom 
the material progress of the time is directly due, and who reap that re- 
ward of respect which they truly earn and as sincerely receive. In every 
part of the globe, and on every sea, the mechanical triumphs of the 
Messrs. Tod are found. Wherever steam navigation is used, the name 
Tod and McGregor is there, familiarly known and as highly valued. 

The late Mr. William Tod displayed, at an early age, a promptitude 
for mechanical pursuits, and was placed as an apprentice in the large 
works of his father, where he was diligently trained during the usual 
period of apprenticeship. Having acquired a knowledge of his business, 
and after having been engaged in the design and construction of various 
minor works, he was associated with a well-known member of this Insti- 
tution, Mr. Archibald Gilchrist, in designing and constructing the 
machinery for the Simla^ a screw-steamer built for the Peninsular and 
Oriental Steam Navigation Company; and he acquitted himself most 
creditably in the duty assigned to him in that work. That vessel, the 
SiTrdOy has proved to be one of the most successful that has ever been 
built, either before or since, and yet holds an unsurpassed reputation in 
the numerous fleet of the great company to which she belongs. Mr. 
Tod was ever open to improvement, whether designed by himself or 
others. He introduced various improvements of his own in the 
adaptation of the Marine Steam Engine to the Screw-propeller; and 
designed a form of machinery for Gun boats of singular compactness 
and simplicity, and which proved to be very efficient and economical, 
while at the same time sufficiently below the water line to be protected 
from shot. Mr. Tod has the credit also of being one of the first 
Engineers in the country in later times, to appreciate the advantages 
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of surface condensation, and in conseqnence was the first to use in this 
country Sewell's construction of surface-condensers. Surface conden- 
sation, in which Mr. William Tod has thus had an early and prominent 
share, promises to be scarcely less important in steam navigation than 
the screw-propeller, which Mr. David Tod, his father, was substantially 
the first to put in practice for sea-gomg ships; and to place it in the high 
estimation of those interested in steam navigation, which it has ever 
since maintained. The name of the Messrs. Tod will ever be associated 
with the success of the Peninsular and Oriental fleet, with the Inman 
fleet, and other prominent lines of steamers; but Mr. William Tod did 
not confine himself to his mechanical avocations. In Photography he 
was well known to be a proficient student, and latterly he had devoted 
much of his attention, in conjunction with his eminent friend. Professor 
Grant, of the University, to the construction of an Observatory for 
astronomical purposes, on his estate of Ayton, where he spent much of 
his time in the retirement of a country gentleman. 

Mr. Tod's amiable character, his unpretending demeanour, and his 
generous nature, endeared him to a large circle of friends, who will unite 
with us most sincerely in lamenting his early death, and the great loss 
we have suffered. 

Part IT. of Mr. Page's Paper on Railway Carriages was held as 
read; a discussion followed and was terminated. 

A Paper "On an Improved Steam Ferry Boat for Carriage and 
Passenger Traffic," by Mr. Julius Drewsen, was read; a discussion 
followed and was terminated. A model of the boat was exhibited. 

A Paper on an Improved Steering Apparatus, by Mr. Jas. Skinner, 
was read; a discussion followed and was terminated. A model of 
the apparatus was exhibited. 

Mr. R. D. Napier exhibited Models of his Patent Frictional 
Windlass and Clutch, and explained their action to the Meeting. 
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The Sevemth General Meeting was held in the Hall, 204 George 
Street, on Wednesday, the 10th April, 1867, at Eight o'clock p.m., — 
Mr. J. G. Lawbie, President, in the chair. 

A Paper " On the Theory and Practice of the Slide Yalve," by Mr. 
Thomas Adams, was read ; a discussion followed and was terminated. 



The Annual General Meeting of the Institntion was held in the 
Hall, 204 George Street, on Wednesday, the 24th April, 1867, at 
Eight o'clock P.M., — Mr. J. G. Lawrie, President, in the chair. 

The Minutes of Meetings of 27th March and 10th April were read 
approved of,, and signed by the Chairman. 

The following candidates for admission to the Institution were elected 
members : — 

Mr. T. R. Oswald, Shipbuilder, Pallion, Sunderland. 
Mr. TnoMAS Adams, Mechanical Engineer, 5 Duke Street, Adelphi, 

London, W.C. 
Mr. Alfred Wheatly, Mechanical Engineer, North British Railway, 

Edinburgh. 

The Librarian read his report on the condition of the Library. 

The Treasurer presented his Annual Financial Statement, duly certi- 
fied by the Auditors as correct, which was adopted. 

The Election of Office-Bearers for the Eleventh Session then took 
place. 

Mr. J. M. Gale, C.E., was elected President; Mr. Wm. Simons, 
Vice-President; Messrs. J. G. Laavrie, D. Rowan, E. Hunt, H. H. 
Maclure, and T. A. Mathieson, Councillors, Mr. James Hamilton 
was elected Treasurer. 
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The Office-Bearers for the Eleventh Session will be as follows:— 

President. 

JAMES M. GALE. 

Yice-Presidents. 
W. SIMONS. I W. M. NEILSON. ] Professor W. J. M. RANKINE. 

Councillors. 



J. G. LAWRIE. 

D. ROWAN. 

B. HUNT. 

H. H. MACLURB. 

T. A. MATHIESON. 



A. INGLIS. 
J. BROWNLEE. 
JAS. R. NAPIER. 
A. GILCHRIST. 
JOHN FERGUSON. 



Treasurer. 

JAMES HA\nLTON, Stobcross Dockyard. 

Secretary. 

J. P. SMITH, 67 Reniield Street. 

The Institntion Medal for Papers read Session 1865-66 was awarded 
to Mr. James Robertson, for his Paper on Frictional Screw Motions 
and Applications. 

The Marine Engineering Medal was awarded to Mr. N. Barnaby, 
for his Paper on the Connection of Iron and Steel Plates in Shipbuilding. 

A Paper, by Mr. Tnos. Hoey, " On a Mode of Collecting, Removing, 
and Applying Town Sewage, and the Saving of Water," was, by the 
permission of the meeting, held as read. Mr. Hoey explained his plan. 
A discussion followed and was terminated. 



The Ninth General Meeting of the Institntion was held in the 
Hall, 204 George Street, Glasgow, on Wednesday, the 8th May, 1867, 
at Eight o'clock, p.m. — Mr. J. G. Lawrie, President, in the chair. 
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The Minutes of previous meeting were read, approved of, and signed 
by the Chairman. 

Mr. Thomas Hoey, 84 Buccleuch Street, v^as elected a Member. 

A Paper "On a System of Utilizing Sewage, and Preventing the 
Pollution of Rivers,*' by Mr. David Allan Graham, C.E., was read. 
A discussion followed, and was terminated. 

A Paper "On the Comparative Strengths of Long and Short Struts," 
by Mr. James M'Callum, C.E., was read. A discussion followed and 
was terminated. 

Mr. James R. Napieb read a paper on his "Indicator for ascertain- 
ing the Speed of Ships," and submitted a report of experiments with 
it, by Mr. Fleming Jenkin, C.E. 
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LIST OF DONATIONS OF BOOKS, &a 



RECEIVED DURING THE RECESS. 

Proceedings of the Institation of Mechanical Engineers: — Meetings 
held 1st and 2nd Angast, Parts 2 and 3, and 2nd November, 1865. 
From the Institution. 

Transactions of the Society of Engineers, 1865. From the Society. 

Report to the Special Committee on the Traffic and Improvements in 
the Public Ways of the City of London. By William Haywood, 
C.E., 1866. Published by M. Lownds, 148^ Fenchurch Street, 
B.C., London. From the Author. 

On Technological Education and Shipbuilding for Naval and Marine 
Engineers. By John W. Nystrom, 1865. Published by Henry 
Carey Baird, 406 Wahint Street, Philadelphia, U.S. From the 
Author. 

On Recent Measures at the Great Pyramid. By Professor C. Piazzi 
Smyth, P.R.S.E., 1866. Published by the Royal Society of Edin- 
burgh. From the Author. 

Minutes of Proceedings of the Institution of Civil Engineers, Vols. 22 
and 23. From the Institution, 1862 and 1863. 

Library Catalogue of the Institution of Civil Engineers, 1866. From 
the Institution. 

Report of the Mercantile Marine Service Association, Meetings held 
13th January, and 30th June, 1865. From the Association. 



Digitized by VjOOQIC 



360 ' - Do/iuUims. 

On the Strength of Cast Iron Pillars, with Tables. By James B. 
Francis, C.E., 1865. Published by D, Van Nostrand, 192 Broad- 
way, New York. Prom the Author. 

From W. J. M. Rankine, C.E., LL.D. 

The following Papers, being communications to various Societies and 
Periodicals by Professor Rankme, have been presented by him to the 
Institution :— 

On Finding the most economical rates of expansion in Steam Engines. 

On the Mechanical Principles of the action of Propellers. 

On the Principle of Isorthopic Axes in Statics. 

On Heat as the Equivalent of Work. 

On some simultaneous observations of Rain-Fall at different points of 

the same Mountain Range. 
On the Elasticity of Carbonic Acid Gas. 
On the History of Energetics. 
On the Application of Barycentric Perspective to the Transformation 

of Structures, and on the Expansive Energy of Heated Water. 
Abstract of an Investigation on Plane Water Lines. 
Abstract of a Paper on the General Law of the Transformation of 

Energy. 
On the Means of Realizing the advantages of the Air Engine. 
On the exact Form and Motion of Waves at and near the Surface of 

Deep Water. 
On the Hypothesis of Molecular Yortices, or Centrifugal Theory of 

Elasticity, and its connection with the Theory of Heat. 
On the Dynamical Theory of Heat. 
On the Absolute Zero of the Perfect Gas Thermometer, being a note 

to a Paper on the Mechanical Action of Heat. 
On the Mechanical Action of Heat, Section 6. 
A review of the Fundamental Principles of the Mechanical Theory of 

Heat; with remarks on the Thermic Phenomena of Currents of Elastic 

Fluids, as illustrating those Principles. 
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Experimental Inquiry on the use of Cylindrical Wheels on Railways, 
Ac. 

Note as to Two Events in the History of Steam Navigation. 

Note to a Letter on the Conservation of Energy. 

Summary of the Properties of Certain Stream Lin^s. 

On the exact Form of Waves near the Surface of Deep Water. 

On Axes of Elasticity and Crystalline Forms. 

On the Stability of Loose Earth. 

On the Mechanical Action of Heat, Note on the Absolute Zero of the 
Perfect Gas Thermometer, Section 6. 

On the Thermodynamic Theory of Steam-Engines with dry saturated 
Steam, and its application to practice. 

Supplement to Paper <'0n the Thermodynamic Theory of Steam- 
Engines with dry saturated Steam, and its application to practice. 

On a Balanced Rudder for Screw Steamers. 

From Mr. John Elder. 
Wood Cuts illustrating the Memoir of the late Mr. David Elder. By 

Mr. Jas. R. Napier. — Vol. IX. of Transactions. 
Photographs of the late Mr. David Elder. Frontispiece Vol. IX. 



RECEIVED DURING SESSION 1866-67. 

Proceedings of the Institution of Mechanical Engineers, 2 Parts. 
Meetings held 25th January, and 3rd May, 186G. From the Institu- 
tion. 

Proceedings of the Institution of Mechanical Engineers. Meetings, 
held 31st July, and 1st August, 1866, Part I. From the Institution, 

Proceedings of the Institution of Mechanical Engineers, Part II. 
Meetings held 31st July, and 1st August, 1866. From the Institution. 

Proceedings of the Institution of Mechanical Engineers, Part III. 
Meetings held 31st July, and 1st August, 1866. From the Institu- 
tion. 
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Proceedings of the Birkenhead Literarj and Scientific Society, 3 
Vols., Sessions 7, 8, and 9, 1863-64, 1861-65, 1865-66. From the 
Society. 

Proceedings of the Institation of Civil Engineers, Vols. 24 and 25, 
1864-65, 1865-66. .From the Institution. 

Report of the Smithsonian Institution, Washington, U.S., 1864. 
From the Institution. 

Two Vols. Transactions of the Society of Engineers. London: Vol. 
1, 1860-61-62 ; Vol. 2, 1863. From the Society. 

Transactions of the Royal Scottish Society of Arts, Edinburgh. 
Part II., Vol. VII. From the Society. 

Journal of the Liverpool Polytechnic Society. Meeting held 11th 
March, 1867. From the Society. 

Transactions of the Institution of Naval Architects, Volumes I. to 
VII., Sessions 1860-61-62-63-64-65-66. From the Institution. 

•Useful Information for Engineers. By Wm Fairbairn, C.E., LL.D., 
&c., Hon. Member of the Institution. From the Author. Publishers 
— Messrs. Longmans, Green & Co., London, 1866. 

Die Potentialfunction und das Potential. By Professor R. Clausius, 
Zurich, Switzerland, Hon. Member of the Institution, 1867. From the 
Author. 

Account of Experiments on the Flexural and Torsional Rigidity of 
a Glass Rod leading to the Determination of the Rigidity of Glass. 
By J. D. Everett, D.C.L., 1866. From the Author; read before the 
Royal Society. 

Reduction of the Observations of the Deep-sunk Thermometers at 
the Royal Observatory, Greenwich, from 1846 to 1859. By J. D. 
Everett, D.C.L, From the Author. Extracted from the Greenwich 
Observations, 1860. 

On the Velocity of Steam and other Gases, and the true principles 
of the Discharge of Fluids. By R. D. Napier, Liverpool, from the 
Author. Publishers, E. & F. N. Spon, London; 1866. 

On the Sewage of Glasgow and Neighbourhood, by Hugh H. Mac- 
lure, C.B., from the Author. Pamphlet, 1867. 
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From George Barber, Esq., 
Photograph of the *^ Samphire" after collision. 

From Professor Rankine. 

**Note on Mr. Merrifield's New Method of Calculating the Statical 
Stability of a Ship." By W. J. Macquorn Rankine, C.B., LL.D., 
F.R.S. • 

On the phrase "Potential Energy," and on the Definitions •f Physical 
Quantities. By Professor W. J. Macquorn Rankine, C.E., LL.D., 
F.R.SS.L. and E., &c. Read before the Philosophical Society of 
Glasgow, 1867. 

From Robert Dalolish, Esq., M.P., Glasgow. 

Report from the Select Committee on the Thames Embankment Bill: 
1862. 

Report from the Select Committee on the Sydney Branch Mint: 
1862. 

Amended Report to the Lords Commissioners of the Admiralty by 
the Committee on Marine Engines, with replies by the Surveyor of the 
Navy: 1860. 

Report to the Secretary of State for India in Council on the Railways 
in India, for the year 1861-62. By Juland Danvers, Esq., Government 
Director of the Indian Railway Companies : 1862. 

Report to the Secretary of State for India in Council on the Rail- 
ways in India, for the year 1862-63. By Juland Danvers, Esq. : 1863. 

Report from the Select Committee on Ordnance: 1862. 

Report of the Progress of the Ordnance Survey and Topographical 
Depot to the 31st December, 1862. Published 1863. 

Report of the Ordnance Survey of the United Kingdom for 1865-66 
Published 1867. 

Return to an Address of the Honourable The House of Commons 
1826, on the East India (European) Troops: 1862. 
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General Report of the Commission appointed for Improving the 
Sanitary Condition of Barracks and Hospitals: 1861. 

Report of a Committee appointed by the Secretary of State for War 
to consider and report as to measures that should be adopted in order 
to simplify and improve the system under which all Works and Build- 
ings (other than Fortifications) connected with the War Department are 
constructed, repaired, and maintained, in order to give a more direct 
responsibility to the persons employed in these duties: 1862. 

Report of the Joint Committee appointed by the Lords of the Com- 
mittee of Privy Council for Trade and the Atlantic Telegraph Com- 
pany, to Inquire into the Construction of Submarine Telegraph Cables: 
1861. 

Report of the Commission appointed to consider plans for making 
a communication between the Embankment at Blackfriars' Bridge, and 
the Mansion House, and also between the Embankment at Westminster 
Bridge and the Embankment at Millbank: 18G3. 

From Professor C. Piazzi Smyth, F.R.SS.L. & E. &c., Astronomer- 
Royal for Scotland, Honorary Member of the Institution. 

Photographs of the Great Pyramid. Paraplilet. 

Montreal and Pictou Coal Company. Pamplilet, with Map. 

Life and Work at the Great Pyramid, during the months of January, 
February, ^farch, and April, a.d. 1865; with a discussion of the facts 
ascertained, by Professor C. Piazzi Smyth, F.R.SS.L. and E. &c., 
Astronomer-Royal for Scotland. Three Volumes, with illustrations on 
stone and wood, 1867. 

From W. M. Neilson, Esq. 

Engineering Plans by F. Passavant and A. Bccher. On Locomotive 
and Marine Engineering. 2 Vols., Letterpress and Plates. 

Three Volumes, Dictionaire des Arts et Manufactures; De L* Agri- 
culture, des Mines, &c. Description des Proceeds, de L'Industre 
Francaise et Etrangere, par M. C. Laboulaye, Paris, 1861. Vol. I., 
A to F ; Vol. IL, G. to Z. ; Vol. Ill, Complement. 
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From Ohables Randolph, Esq. 

Set of the Cayendish Society's Pablications, viz : — 

Chemical Reports and Memoirs, on Atomic Volume; Isomorphism: 
Endosmosis; The Simnltaneoas Contrast of Colours; The Latent 
Heat of Steam at different Pressures ; The artificial formation of 
Alkaloids, and Yolcanic Phenomena; Edited bj Thomas Graham, 
V.P. R.S., 1848. 
Hand' Book of Chemistry ; by Leopold Gmelin . Translated by Henry 

Watts, B.A., F.C.S; 15 Vols, viz:— 

Vol. I. 1848. Cohesion, Adhesion, Affinity, Light, Heat, and 
Electricity. 

Vol. II. 1849. Xon-Metallic Elements. 

Vol. in. 1849. Metals. 

Vol. IV. 1850. Metals (continued). 

Vol. V. 1851. Metals (continued). 

Vol. VI. 1851. Metals (concluded). 

Vol. Vn. 1852. Organic Chemistry. Generalities of Organic 
Chemistry. Organic compounds containing two Atoms of Carbon. 

Vol; VIII. 1853. Organic Chemistry. Organic compounds con- 
taining two and four Atoms of Carbon. 

Vol. IX. 1856. Organic Chemistry. Organic compounds contain- 
ing four and six Atoms of Carbon. 

Vol. X. 1856. Organic Chemistry. Organic compounds contaimng 
eight and ten Atoms of Carbon. 

Vol. XL 1857. Organic Chemistry. Organic compounds containing 
ten and twelve Atoms of Carbon. 

Vol. XII. 1858. Organic Chemistry. Organic compounds containing 
fourteen Atoms of Carbon. 

Vol. XIII. 1 859. Organic Chemistry. Organic compounds contain- 
ing sixteen and eighteen Atoms of Carbon. 

Vol. XIV. 1860. Organic Chemistry. Organic compounds contain- 
ing twenty and twenty-two Atoms of Carbon. 
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Vol. XY. 1862. Organic Chemistry. Organic compounds contain- 
ing twenty-four Atoms of Carbon. 

Vol. XVI. 1864. Organic Chemistry. Organic compounds con- 
taining from twenty-four to thirty-four Atoms of Carbon. 

Vol. XYIL 1866, Organic Chemistry. Organic compounds contain- 
ing from thirty-four to forty-six Atoms of Carbon. 

Chemical Method, Notation, Classification, and Nomenclature: by 
Auguste Laurent: Translated by William Odling, M.B., F.C.S.; 1854. 

Life of the Honourable Henry Cavendish, including abstracts of his 
more important Scientific Papers, and a critical inquiry into the 
claims of all the alleged discoveries of the Composition of Water; 
by George Wilson, M.D., F.R.S.E., 1851. 

Memoirs of the Life and Scientific Researches of John Dalton: by 
William Charles Henry, M.D., F.R.S., 1854. 

Physiological Chemistry, by Professor C. G. Lehmann: Translated 
from the second edition by George E. Day, M.D., F.R.S: 3 Volumes, 
1851, 1852, 1854. 



From J, P. Joule, LL.D. 

The following Papers, being communications to various Societies and 
Periodicals by J. P. Joule, LL.D., F.R S., &c.. Honorary Member 
of the Institution, have been presented by him to the Institution. 

On the Mechanical Equivalent of Heat: read before the Philosophical 
Society, 1849. 

On the Thermal Effects of Fluids in Motion, Parts L, IL, IIL, and 
IV.: read before ditto, 1853-54, 1860-62. 

Introductory Research on the Induction of Magnetism, by Electrical 
Currents : read before ditto, 1855. 

On some Thermo-Dynamic Properties of Solids: read before ditto, 
1858. 

On the Thermal Effects of compressing Fluids: read before ditto 
1858. 

On the Surface Condensation of Steam : read before ditto, 1860. 
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Notes on the late William Stargeon, Esq., from the Manchester 
Courier, December 14, 1850. 

Apparatus for Refrigerating and Condensing Steam, &c. 

Account of Experiments Demonstrating a limit to the Magnetizability 
of Iron: from the Philosophical Magazine, 1851. 

On the Effects of Magnetism upon the Dimensions of Iron and Steel 
Bars : from the Philosophical Magazine. 

On Yoltaic Apparatus: read before the London Electrical Society, 
March, 1842. 

On the Existence of an Equivalent Relation between Heat and the 
ordinary forms of Mechanical Power, from the Philosophical Magazine, 
1845. 

Researches on Atomic Volume and Specific Gravity : from the Philo- 
sophical Magazine, 1846 

On the Theoretical Velocity of Sound: from the Philosophical 
Magazine, 1847. 

On a new method for ascertaining the Specific Heat of Bodies : read 
before the Literary and Philosophical Society of Manchester, December, 
1845. 

Note on the Employment of Electrical Currents for ascertaining the 
Specific Heat of Bodies : read before ditto, July, 1847. 

Some Remarks on Heat, and the Constitution of Elastic Fluids : read 
before the Literary and Philosophical Society of Manchester, October, 
1848. 

Account of Experiments with a powerful Electro-Magnet: from the 
Philosophical Magazine, 1852. 

On Heat disengaged in Chemical Combinations: from ditto, 1842. 

On the Fusion of Metals by Voltaic Electricity: read before the 
Literary and Philosophical Society of Manchester, March, 1856. 

On the Heat absorbed in Chemical Decomposition: from the Philo- 
Bophical Magazine, August and October, 1856. 

On some Peculiarities of the Thunderstorm, which occurred in this 
neighbourhood (Manchester) on Tuesday, the ICth July last: by the 
late William Sturgeon. 1856. 
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On LightniDg and Lightning Condnctors: by the late W. Sturgeon. 

A Short Account of the Life and Writings of the late Wm. Sturgeon : 
read before the Literary and Philosophical Society of Manchester, 
October, 1856. 

On a Surface Condenser : read before a meeting of the Institution 
of Mechanical Engineers, held at Glasgow, 17th September, 1856. 

On the Thermal Effects of Fluids in motion; temperature of a body 
moving slowly through the air: read before the Royal Society, June, 
1857. 

On the Thermal Effects of Longitudinal Compression of Solids: read 
before ditto, June, 1857. 

Note on Dalton's Determination of the Expansion of Air by Heat : 
read before the Literary and Philosophical Society of Manchester, 
November, 1858. 

On the Utilization of the Sewage of London and other large towns: 
read before the Lit. & Phil, Society of Manchester, November, 1858. 

On a Method of Testing the Strength of Steam Boilers: read before 
ditto, 1859. 

Experiments on the Total Heat of Steam: read before ditto, 1859. 

Experiments on the Passage of Air through Pipes, and apertures in 
thin plates: read before ditto, 1860. 

On the Plurality of Inhabited Worlds: read before the Birkenhead 
Literary and Scientific Society, November, 1860. 

On some Amalgams: reprinted from the Journal of the Chemical 
Society, July, 1862. 

On the Probable Cause of Electric Storms. 

Note on the History of the Dynamical Theory of Heat: from the 
Philosophical Magazine, August, 1862. 

On the Dynamical Theory of Heat: from ditto, 1863. 

On the Mechanical Equivalent of Heat.' read before the British 
Association, 1863. 

On a peculiar kind of Mirage, January, 1863. 

Note on the Meteor of February 6th, 1818 : read before the Philo- 
sophical Society, 1868. 
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On ft new and extremely sensitive Thermometer, March, 1863. 

Note on the History of the Dynamical Theory of Heat: from the 
Philosophical Magazine, 1864. 

On Magnetic Needles: read before the Literary and Philosophical 
Society, November, 1864. 

On some Facts in the Science of Heat developed since the time of 
Watt: read before the Greenock Philosophical Society, January, 1865. 

On an Instrument for showing rapidly minute changes of Magnetic 
Declination: read before the Lit. & Phil. Society, January, 1866. 

On a Balance after Professor Thomson's principle: read before ditto, 
1866. 

On an Apparatus for determining the Horizontal Magnetic Intensity 
in Absolute^Measure: read before ditto, March, 1867. 

Note on the Tangent Galvanometer: read before ditto, 1867. 

From Sir William Thomson^ 

The following Papers, being communications to various Societies and 
Periodicals by Professor Sir Wm. Thomson, Honorary Member of the 
Institution, have been presented by him to the Institution. 

On the Electro-dynamic Qualities of Metals: read before the Royal 
Society, 1856. 

Elements of a Mathematical Theory of Elasticity: read before the 
Royal Society, 1856; 

On the Thermal Effects of Fluids in Motion, parts 3 and 4 : read 
before the Royal Society, 1860. 

On the Secular Cooling of the Earth: read before the Royal Society 
of Edinburgh, 1862. 

On the Rigidity of the Earth and Dynamical Problems regarding 
Elastic Spheroidal Shells and Spheroids of Incompressible Liquid: read 
before the Royal Society, 1862. 

On the Dynamical Theory of Heat: read before the Royal Society 
of Edmburgh, 1854. 
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On the Equations of the Motions of Heat Referred to Cupvilenear 
Co-ordinates: Cambridge and Dublin Mathematical Journal, 1843. 

On the Principal Axes of a Solid Body, Do., 1846 

On a Mechanical Representation of Electric, Magnetic, and Galvanic 
Forces, Do., 1847. 

On Certain Definite Integrals suggested by Problems in the Theory 
of Electricity, Do., 1847. 

Notes on Hydrodynamics, Do., 1847. 

Theorems with Reference to the Solution of Certain Partial Differ- 
ential Equations, Do., 1848. 

On the Mathematical Theory of Electricity in Equilibrium, Do, 

On the Effect of Pressure in lowering the Freezing Point of Water 
experimentally demonstrated: read before the Royal Society of Edin- 
burgh, 186a 

On the Theory of Magnetic Induction in Chrystalline and Non- 
Chrystalline Substances. The Philosophical Magazine, 1851. 

On the Mechanical Theory of Electrolysis, Do., 1851. 

Applications of the Principle of Mechanical Effect to the Measure- 
ment of Electro-Motive Forces, and of Galvanic Resistances, in Absolute 
Units: Do., 1851. 

On the Quantities of Mechanical Energy contained in a Fluid Mass, 
in different states as to Temperature and Density; and On a 
Mechanical Theory of Thermo-Electric Currents: read before the 
Royal Society, 1852. 

On the Mechanical action of Radiant Heat or Light; On the Power 
of Animated Creatures over Matter; On the Sources available to Man 
for the production of Mechanical Effect: read before Do., 1852. 

On the Origin and Transformation of Motive Power: read before the 
Royal Institution of Great Britain, 1856. 

On Practical Methods for rapid Signalling by the Electric Telegraph: 
read before the Royal Society, 1856. 

On the Electro-Dynamic Qualities of Metals; Effects of Magnetiza- 
tion on the Electric Conductivity of Nickel and of Iron, read before Do., 
1857. 
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On the Electric Conductivity of Commercial Copper of various kinds, 
read before Do., 1857. 

On Recent Investigations of M. Le Verrier, on the Motion of 
Mercury: read before the Pliilosophical Society of Glasgow, 1859. 

On the Variation of the Periodic Times of the Earth and inferior 
Planets produced by Matter Falling into the Sun: read before Do., 
1860. 

Report of Committee appointed to prepare a Self-Recording Atmos- 
pheric Electrometer for Kew, and Portable Apparatus for observing 
Atmospheric Electricity. From the Report of the British Association 
for the Advancement of Science for 1860. 

On the Measurement of Electric Resistance. From the Transactions 
of the Royal Society, 1860. 

On the Convective Equilibrium of Temperature in the Atmosphere. 
From the Second Volume of the Third Series of "Memoirs of the 
Literary and Philosophical Society of Manchester." Session 1861-62. 

On the Sound produced by Electric Discharge. From Ditto, 1863. 

On the Protection of Vegetation from destructive Cold every Night: 
read before the Royal Society of Edinburgh, 1863. 

On the Forces concerned in the Laying and Lifting of Deep-Sea 
Cables: read before Ditto, 1865. 

On the Observations and Calculations required to find the Tidal 
Retardation of the Earth's Rotation. From the Philosophical Magazine, 
1866. 

On the Elasticity and Vicosity of Metals, From the Transactions 
of the Royal Society, 1865. 

On the Thermal Effects of Fluids in Motion; Temperature of a body 
Moving Slowly through Air: read before Ditto, 1860. 



From St. John Vincent Day, Esq. 

Eight Volumes Practical Mechanic's Journal. First Series, Vol. VL, 
1853-54; Vol. VIIL, 1855-56. Second Series, Vol. L, 1856-1857, 
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Vol. IL, 1867-58; Vol. IH., 1858-59; Vol. IV., 1859-60; Vol. V., 
1860-61; Vol. IX., 1864-65. 

Thirteen Parts Practical Mechanic's Journal, containing a record of 
the Great Exhibition of 1862; from May, 1862, to January, 1863. 

The Patentee's Manual, being a Treatise on the Law and Practice of 
Letters Patent, especially intended for the use of Patentees and 
Inventors. By James Johnson and J. Henry Johnson. 1866. 

VolumeVEI., Second Series, Practical Mechanic's Journal, from April, 
1862, to March, 1863, and Vol. I., Third Series, Practical Mechanic's 
Journal, from April, 1865, to March, 1866. 
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BOOKS PURCHASED DURING SESSION 1865-66. 



The Modern System of Naval Architecture. By J. Scott Russell* 
Published by Day & Son (Limited), Lincoln's Inn Fields, (W.C.) 
London, 1865. 

Transactions of the Institution of Mining Engineers. Vols. XII. and 
XIIL, 1862-3, 1863-4. 

The Young Sea OflBcer's Sheet Anchor, or a key to the leading of Rig- 
ging, and to practical Seamanship. By Darcy Lever. Published 
by Charles Wilson, 157 Leadenhall Street, London, 1835. 

The Illustrated Catalogue of the Industrial Department of the Inter- 
national Exhibition of 1862. 4 Vols. London, 1862. 

Reports of the Juries of the Exhibition of 1851. London, 1851. 

OflBcial Descriptive & Illustrated Catalogue of the Great Exhibition of 
1851. London, 1851. 4 Vols. 

A Record of Modem Engineering. By William Humber, 1864. 
Published by Lockwood & Co., 7 Stationers' Hall Court, London. 

Vicat on Cements. 

Theorie Mechanique par Horn. 

Lives of Boulton & Watt. By Samuel Smiles, 1865. Published by 
John Murray. Albemarle Street, London. 

A Record of the Progress of Modern Engineering. Edited by William 
number, 1865. Published by Lockwood & Co., 7 Stationers' Hall 



Court, London. 



2 K 
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A Method of comparing the Lines and Draughting vessels propelled 
bj sail or steam, including a chapter on laying off on the mould loft 
floor, by Samuel M. Pook, plates, to, 8vo, cloth, New York, 1866. 

Marrett's (P. R.) Yachts and Yacht Building: 10 large folding 
plates, 8vo, cloth. Publishers, E. & F. N. Spon. London, 1865. 

Rennie on Harbours. 

Theory of Strains in Girders and similar Structures. By B. B. Stoney . 
Yol. I. London, 8vo. Publishers, Messrs. Longmans, Green & Co. 

Navigation a Yapeur Transoceanienne per Eugene Flachat. 8 Yols. 

Commissioners' Report on Telegraphy. 

^^ShipbuUding," Theoretical and Practical, By Watts, Rankine, 
Barnes, andjNapier,'^Glasgow, 1866, two Yols. 
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INSTITUTION OF ENGINEERS IN SCOTLAND 
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SCOTTISH SHIPBUILDERS' ASSOCIATION, 
At Ihe T§rfiUnaHon<^thc Tenth Smlon, April, 1867. 



HONORARY MEMBERS. 

James Prescott Joule, LL.D., F.R.S., Thomcliff, Old Trafiford,. 

Manchester. 
Charles Piazzi Smtth, F.R.SS.L. & E., Astronomer-Royal for 

Scotland, 1 Hillside Crescent, Bdinbnrgh. 
William Faihbaibn, C.B., LL.D., F.R.S., F.G.S., Manchester. 
Sir William Thomson, A.M., LL.D., F.R.SS.L. & B., Professor of 

Natural Philosophy in the University of Qlasgow. 
Professor R. Clausius, Zurich, Switzerland. 
General Arthur Morik, Conservatoire Imperial des Arts et Metiers a 

Paris. 
Joseph Whitworth, C.E., Manchester. 
Archibald Smith, M.A., F.R.S., Jordanhill, Glasgow. 
Lewis D. B. Gordon, C.E„ Chateau de Bossy, pr^s Celigny, Canton 

de Yand, Switzerland. 
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Thomas 

James 

William 

Walter 

WiUiam 

Alexander 

James 

Thomas 

Stephen 
James B. 
Robert 
David 

James 

George 

Andrew 

Hugh 

William 

David 

R.B. 

James 

Joseph 

Neil 

Edward 

Robert 

Thomas 

James 

James M. 



Adams, 6 Duke Street, Adelphi, London, W.C. 

Aitken, jun., Shipbuilder, Whiteinch 

Alton, Engineer and Contractor, Partick 

Alexander, 1 Avondale Place, Paisley Road, Glasgow 

Alexander, 28 India Street, Glasgow 

Allan, Bridge Street, Worcester 

Allan, 70 Great Clyde Street, Glasgow 

Allan, Springbank Foundry, Garscube Road, 

Glasgow 

Alley, 17 North Claremont Street, Glasgow 

AUiot, The Park, Nottingham 

Angus, Blair Works, Dairy 

Auld, 23 Duncan Street, Calton, Glasgow 

Baird, C.E., Glengarnock Ironworks, Kilbirnie, Ayrshire 
Barber, 5 East India Avenue, London, E.C. 

Barclay, Kilmarnock 

Bartholomew, 122 Old Dalmamock Road, Glasgow 
Beardmore, The Forge, Parkhead, Glasgow 
Bell, 8 Arthur Place, Govan 

Bell, C.E., 203 St. Vincent Street, Glasgow 
Bennie, 69 Bath Street, Glasgow 

Bimie, Shipbuilder, Montrose 

Black, Neptune Street, Liverpool 

Blackmore, Eagle Foundry, Greenock 
Blackwood, C.E., Kilmarnock 
Blackwood, Shipbuilder, Port -Glasgow 
Blair, 18 Scotland Street, Glasgow 

Blair, Clydesdale Ironworks, Portman Street, 

Glasgow 
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H.J. 


Boolds, 


Lloyd's Surveyor, Greenock 


Walter 


Brock, 


At Lancefield Foundry, Glasgow 


James 


Brown, 


247 Bath Street, Glasgow- 


Andrew 


Brown, 


London Works, Renfrew 


Richard 


Brown, 


37 West Nile Street, Glasgow 


James 


Brownlee, 


173 St. George's Road, Glasgow 


James C. 


Bunten, 


Anderston Foundry, Glasgow 


Amedee 


Buqaet, C.E. 


, 31 Rue du Marche, Neuilly, Seine, Paris 


Andrew 


Burns, 


Cessnock Road, Govan 


James T. 


Caird, 


Greenock 


Duncan 


Cameron, 


88 M*Neil Street, Glasgow 


James 


Campbell, 


Messrs. M'Dowall & Co's., Johnstone 


Peter 


Carmichael, 


Dens Works, Dundee 


John 


Carrick, 


5 Park Quadrant, Glasgow. 


Robert 


Cassels, 


166 St. Vincent Street, Glasgow 


Albert 


Castel, 


27 Florence Place, Glasgow 


William 


Clapperton, 


Walkinshaw Foundry, Johnstone 


Daniel K. 


Clark, C.E., 


11 Adam Street, AdelphI, London 


H.M.F.VanCleef, 


The Hague, Holland 


James 


Clinkskill, 


3 Rose Street, Garnethill, Glasgow 


John F. F. 


Common, 


Exchange Area, Glasgow 


Charles 


Connell, 


5 1 St. Vincent Crescent, Glasgow 


Benjamin 


Conner, 


17 Scott Street, Garnethill, Glasgow 


Robert 


Cook, 


100 Commerce Street, Glasgow 


James 


Copeland, 


16 Pultney Street, Glasgow 


William R. 


Copeland, 


97 West Regent Street, Glasgow 


M.R. 


Costelloe, 


Custom House, Glasgow 


M'Taggart 


Cowan, C.E. 


, 36 Fort Street, Ayr 


William 


Cowan, 


Great North of Scotland Railway, Aberdeen 


Archibald 


Craig, 


Gateside, Paisley 


James L« 


Cunlifif, 


8 Walmer Crescent, Glasgow 


John 


Cunningham 


, M.E., Glengarnock Ironworks 


Robert 


Curie, 


Stobcross Dockyard, Glasgow 
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Alfred Darling, 75 Jamaica Street,^Glafigow 

Thqmas Davison, 2d8 Bath Street, Qlasgow 

St. J. V. Day, C.E., 166 Buchanan Street, Glasgow 

Peter Denny, Helenslee, Dumbarton 

A. C. H. Dekke, Shipbuilder, Bergen, Norway 

James Donald, Abbey Works, Paisley 

John Donald, 42 Cadogan Street, Glasgow 

Robert Douglas, Dunniker Foundry, Kirkcaldy 

John Downie, 18 Clarendon Place, Glasgow 

Julius Drewsen, 20 Minerva Street, Glasgow 

Henry Dubs, 2 Wellesley Place, Glasgow 

Andrew Duncan, C.E.,16 Robertson Street, Glasgow 

Robert Duncan, Shipbuilder, Port-Glasgow 

George B. Edington, 7 Buckingham Terrace, Glasgow 

John Elder, 12 Centre Street, Glasgow 

Mortimer Evans, C.E., 97 West Regent Street, Glasgow 

Robert Faulds, 6 Parson Street, Glasgow 

James Ferguson, Auchinheath, Lesmahagow 

John Ferguson, ShipbuQder, Whiteinch 

Samuel Fernie, Bloomsgrove Works, Nottingham 

William Ferrie, Monkland Ironworks, Calderbank 

J. R. Forman,C.E.,133 West Regent Street, Glasgow 

William Forrest, 9 Canal Street, Glasgow 

Robert Forrest, jon., Ardeer Ironworks, Stevenston, Ayrshire 

Alexander FuUarton, Vulcan Works, Paisley 

John B. Fyfe, Canal House, Ardrishaig 

James M. Gale, C.E., 23 Miller Street, Glasgow 

Andrew Galloway, 16 Clyde Place, Glasgow 

John Galloway, Kilmarnock 

William Galloway, M.B., Barleith and Dollars Collieries, 

Kilmarnock. 

Archibald Gilchrist, 11 Sandyford Place, Glasgow 
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Robert D. Glen, At Messrs. R. Napier & Sons, Govan 

James Goodwin, Ardrossan 

Gilbert S. Goodwin, Alexandria Buildings, Jane Street, Liver- 
pool 

Henry Gourlay, Dundee Foundry, Dundee 

Edwin Graham, Pallion, High Yard, Sunderland 

George Graham, C.E., Caledonian Railway, Glasgow 

Archibald, Gray, Middleton, near Dairy 

James Gray, New Cumnock, Ayrshire 

Matthew Gray, Ashton, Gourock 

Thomas C. Gregory, C.B., 62 St. Vincent Street 

James Greig, Sea View Cottage, Links Street, Aberdeen 

Charles Gunn, 146 West George Street, Glasgow 

David Guthrie, C.E., 23 Miller Street, Glasgow 

James Hall, Shipbuilder, Aberdeen 

William Hall, Shipbuilder, Aberdeen 

James B. Handyside, 92 West Regent Street, Glasgow 

James Hamilton, 15 Royal Crescent, Glasgow 

John Hamilton, Shipbuilder, Port-Glasgow 

George Harvey, 42 M*Neil Street, Glasgow 

John Hastie, Deerpark Engine Works, Greenock 

Peter Hedderwick, 1 Buckingham Road, Govan 

James M<L. Henderson, Renfrew 

John Hendrie, Eirkwood, Coatbridge 

Laurence Hill, Shipbuilder, Port-Glasgow 

Thomas Hoey, 84 Buccleuch Street, Glasgow 

Thomas R. Horton, 15 Scotia Street, Glasgow 

James Howden, 128 West Street, Glasgow 

Edmund Hunt, 87 St. Vincent Street, Glasgow 

James Hunter, Coltness Ironworks, by Motherwell 

John Hunter, Dahnellington Ironworks, near Ayr 

Jonathan Hyslop, C. & M.E., Wishaw 
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Inglis, 97 Bridge Street, Manchester 
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Karchow, 105 Koquicker Street, Berlin, Prussia 
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Key, Engineer and Shipbuilder, Kirkcaldy 
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London Works, Renfrew 
., 175 Hope Street, Glasgow 
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Shipbuilder, Dundee 
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Sun Foundry, Glasgow 
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57 Cook Street, Glasgow 
,E., 149 West George Street, Glasgow 

The Engine Works, South Dock, Sunderland 
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Locomotive Superintendent, Government 
Railway, Colombo, Ceylon 
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33 Renfield Street, Glasgow 
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, 96 Stirling Road, Glasgow 


Robert 


Wilson, 
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Ironfouoder, Partick 
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Carry Cottage, Govan 
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Ferguson, 
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19 Union Street, Glasgow 


James 


Haddow, 
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75 Robertson Street, Glasgow 



Digitized by VjOOQIC 



Members. 



287 



Captain D. 


Harrison, 


George T. 


Hendry, 


Capt. David 


Henderson, 


John 


Kerr, 


Anderson 


Eirkwood, 


WiiUam 


Letham, 


John Jex 


Long, 


John 


M'Alister, 


James 


M'Intyre, 


James 


M*Intyre, 


George 


Miller, 


James 


Miller, 


John 


Mihie, 


John 


Morgan, 


James S. 


Napier, 


R.S. 


Newal, 


John 


Phillips, 


John 


Rattray, 


Capt. Thos. 


Small, 


John 


Smith, 


John R. 
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Malcolm M'N. Walker, 
H. J. Watson, 

James Watson, 

John H. Watt, 
Thomas Westhorp, 



104 North Hanover Street, Glasgow 

8 Dixon Street, Glasgow 

52 St. Enoch Square, Glasgow 

2 West Quay, Greenock 

12 High Windsor Terrace, Glasgow 

West Quay, Greenock 

12 White vale, Glasgow 

Greenbank Sailwork, Mavisbank, Glasgow 
33 Oswald Street, Glasgow 
47 Queen Street, Glasgow 

1 Wellesley Place, Glasgow 

5 Fitzroy Place, Glasgow 

Aberdeen, Leith, and Clyde Shipping Co., 
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W.M. 


Alston, 
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Costa, 


92 South Portland Street, Glasgow 


John A. 
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155 Sauchiehall Street, Glasgow 
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82 South Portland Street, Glasgow 


James 
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11 Sandyford Place, Glasgow 
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At 175 Hope Street, Glasgow 
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Hamilton, jun., 15 Royal Crescent, Glasgow 


Charles B. 


King, 


175 Hope Street, Glasgow 
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The Engine Works, South Dock, Sunder- 
land 


Thomas 


Roberts, 


At Messrs. T. Shanks and Co's., Johnstone 


W. W. B. 
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133 West Regent Street, Glasgow 


Alexander 
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2 Grafton Place, Glasgow 
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133 West Regent Street, Glasgow 


Thomas 


Shaw, 


133 West Regent Street, Glasgow 


W. C. T. 


Sloan, 


35 Elmbank Place, Glasgow 


Cornelias 


Thompson, 


194 King Street, Aberdeen 
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BEGULATIONS 

or THB 

INSTITUTION OF ENGINEERS IN SCOTLAND 

WITH WHICH IS IMCOBPOBATED THX 

SCOTTISH SHIFBTJILDEBS' ASSOGIATIOlSr. 



Am Amirdsd at Spioial Qbiisbal BCbrxhcw of thb Imrmrnov, 12rB Jamuabt, 1864» 

ItT IfABCH, 1865, AMD 28th Mabob, 1866. 



Section I.— OBJECT. 

1. The Institation of Engineers in Scotland shall Object of the Insti- 
devote itself to the encouragement and advancement of 
Engineering Science and Practice; being established to 

facilitate the exchange of information and ideas amongst 
its Members, and to place on record the results of 
experience elicited in discussion. 

SEcnoN n.-^ONSTITUTION. 

2. The Institation of Engineers in Scotland shall con- Conttltation. 
sist of Members, Associates, Graduates, and Honorary 
Members. 

3. Members shall be Mechanical Engineers, Civil Who may be Mem- 
Engineers, Mining Engineers, Military Engineers, Ship- **®"' 
builders, and Founders. 

4. Associates shall be such persons, not included in Who maybe Abso- 
the classes enumerated in the preceding regulation, as °^ ' 
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the Coancil and Institation shall consider qualified by 
knowledge bearing on Engineering Science or Practice. 

5. Graduates shall be persons engaged in stndy or 
employment to qualify themselves for the profession of 
Engineers. 

6. Honorary Members shall be snch distinguished 
persons as the Council and Institution shall appoint. 

7. The number of Honorary Members shall be limited 
to twelve. 

Section m.— MANAGEMENT AND 
OFFICE-BEARERS. 

8. The direction and management of the affairs of 
the Institution shall be confided to a Council, subject to 
the control of the General Meetings. 

9. The Council shall consist of a President, three 
Vice-Presidents, ten Councillors, and a Treasurer; all 
ofJ[whom shall be Members, but not Associates, Grad- 
uates, nor Honorary Members. Five Members of 
Council shall constitute a Quorum. 

10. There shall be a Secretary, appointed by the 
Conncil, ^ho ehall receive snch salary as the Institution 
shall fix, but who shall not be a Member of the Institu- 
tion. 

Section IV.— DUTIES OF OFFICE-BEARERS. 

Office-bearerB j j ^ rpj^g OflSce-bearers shall assume office immediately 

shall transact the "^ 

businesB of the after the close of the Session in which they are elected; 

^^^awSeoted. ^^^J ^^^ ^^'^ Meetings, and make arrangements re- 
specting papers and other matters for carrying on the 
business of the Session for which they are elected; and 
they shall, any or all of them, give their services as long 
after such Session as may be necessary to complete 
matters connected tberewith. 



Who may be 
Qmduates. 



Who may be Hon. 
Membeis. 

Number of Houi 
Members. 



Oouicil, Manage- 
ment by. 



Constitation of 
Council — ^Five a 
qxiomm. 



Secretary how ap- 
pointed and paid. 
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12. The President shall take the chair at all Meetings Duties of Presl- 
at which he is present; he shall condact and keep order ^^ ' 

in the proceedings of the Institution; state and pat 
questions, and, if necessary, ascertain the sense of the 
Meetings upon matters before them ; he may snm up, 
at the termination of discussions, the opinions given, and 
declare what appears to be the sense of the speakers, to 
which he may add his own opinion; and he shall carry 
into effect the Regulations of the Institution. He shall 
be a Member, ex officio of all Committees of Council. 

13. The Vice-Presidents shall take part in the Council Duties of Vice- 
proceedings; and they shall in rotation take the chair 

in the absence of the President, and perform the duties 
enumerated in the preceding regulation. 

14. The Councillors shall take part in the Council Duties of Conncil - 
proceedings, and aid the other Members thereof with 

their co-operation and advice. 

15. The Treasurer shall take part in the Council pro- Duties of Trca- 
ceedings; he shall take charge of the property of the ^°'*'* 
Institution, except books, papers, drawings, models, and 

specimens of materials; receive all payments due to the 
Institution, and pay into one of the Glasgow Banks, in 
the joint names of the President, one of the Yice-Presi- 
dents, and himself, the cash in his hands whenever it 
amounts to Ten Pounds; he shall pay all sums due by 
the Institution, but not without an order signed by two 
Members of a Committee of the Council nominated to 
examine the accounts; he shall keep an account of all 
his intromissions in the General Cash Book of the Insti- 
tution, which shall upon all occasions be open to inspec- 
tion by the Council, and which shall be balanced annually, 
up to the last Meeting of each Session; and he shall 
produce at such Meetings the Cash Book and Annual 
Balance Sheet, or Financial Statement, together with an 
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Inyentorj of all the Property possessed by the Institu- 
tion, and a Register of the names of the Members, 
Associates, and Graduates of the Institution, such 
Register being arranged so as to distinguish all persons 
whose contributions are in arrear. 
Duties of Secre- 16. The Secretary shall take minutes of the proceed- 
**^' ings at all the Meetings of the Institution and Council, 

and enter them in proper books provided for the purpose ; 
write the correspondence of the Institution and Council; 
read minutes and notices at Meetings ; report discussions; 
collect subscriptions; perform whatever other duties are 
indicated in the Regulations of the Institution as apper- 
taining to his department; and, if desired by the Council, 
prepare and revise papers for reading and publication, 
and read papers and communications at the Meetings. 

Section V.— AUDIT OF ACCOUNTS. 

Aaditon and 17. Two Auditors, who shall be Members of the 

doties. Institution, but not Office-bearers, shall be chosen at an 

Ordinary Meeting preceding the Annual General Meet- 
ing of each Session, to examine the accounts and state- 
ments produced by the Treasurer; and the Annual 
Financial Statement, with their Audit, shall be printed 
in the notice calling the Annual General Meeting, and 
shall be read at that Meeting. 

Section YI.— MEETINGS AND PROCEEDINGS. 

Ordinary General 18. The Institution shall hold Ordinary Meetings for 

Meetings every reading papers, and for discussing matters connected 

the Session. with the objects of the Institution; and such Meetings 

shall take place regularly, at least once in every four 

weeks during each Session; the Sessions to commence 
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in each month of October, and continne ontil the month 
of April next following. 

19. At erery Ordinary Meeting of the Institution the Ordinary Meetings 
Secretary shall first read the minutes of the preceding ^^^ ^ 
meeting, which, on approval, shall then be signed by 
the Chairman. The Secretary shall next read any 
notices which may have to be brought before the Meet- 
ing; after which any Candidates for admission shall be 
balloted for, and any new Members shall be admitted. 
Any business of the Institution shall then be disposed of, 
after which notices of motion may be given. The paper 
or papers for the evening shall then be read. The 
business of every Ordinary Meeting of the Institution 
shall commence as soon after Eight o'Clock in the 
Evening as Ten Members are present. 

20. Any of the Ordinary Meetings of the Institution Ordinaiy Meetings 
may be adjourned by a vote of the Members present. "*^ a^jonm . 

21. Extraordinary or Special Meetings may be called gpeeiai Meeting! 
by the Council when they consider it proper or necessary, ™*y ^ ®*^®^ ^ 
and must be called by them on receipt of a requisition on requisition by 
from any five Members, specifying the business to be ^* ^™ 
brought before such Meeting. 

22. The Secretary shall issue notices of Meetings to Notice of Meetings 
aU the Members, Associates, Graduates, and Honorary ^„^^^ '^^ 
Members of the Institution, at least four days before 
each Ordinary or Adjourned Meeting of the Institution; 
such notices mentioning the papers to be read and busi- 
ness to be brought forward at the Meeting. SimUar 
notices shall be issued of the Annual General Meeting, 
and of all Extraordinary or Special Meetings of the 
Institution, at least four days before they are to take 
place. 

23. The Council shall meet one hour before each Meetings of Conn- 
Meeting of the Institution, and on other occasions when 



four days before. 



dL 
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the President shall deem it necessary, being sammoned 
by circulars stating the business so far as known. 
Qnestioas before 24. Any question of a personal nature before a Meet- 

d^cid^ °^ "^S o^ ^^® Institution or Council shall be decided by 
ballot; all other questions shall be decided by a show 
of hands, or by any convenient system of open voting ; 
the Chairman to have a second or casting vote when 
necessary. 'None but Members or Associates shall take 
part in any voting or balloting. 
Members,&c.,may 25. Bach Member, Associate, Graduate, and Honorary 

era. " Member, shall have power to admit one stranger to each 

Meeting of the Institution, who shall sign his name in a 
book kept for the purpose; but who shall not take any 
part in the discussions, unless requested to do so by the 
Chairman of the Meeting. 
Nature of papers to 26. All papers read at the Meetings of the Institution 

^ ' must relate to Engineering Science or Practice, and 

must be approved of by the Council before being read. 
Proceedings to be 27. The papers read, and the discussions held during 

published. ^g^jj Session, or such portion of them as the Council 

shall select, shall be printed and published as soon as 
possible, and shall be edited by the Secretary, in accord- 
ance with instructions from the Council. Each paper 
shall have prefixed to it the date at which it shall have 
been received by the Secretary. 
Explanatoiy notes 28. Explanatory notes communicated after the read- 

wers'^^^be ^°2 ^^ discussing of papers may be prmted in the 

published. Transactions, if the Council see fit, but not without 

having prefixed the dates at which they shall have been 
received by the Secretary. 

Copyright of 29. The copyright of any paper read at a Meeting 

papers shall be ^j ^^^ Institution, with its illustrations, shall be the 

the property of ' ' 

the Institution, exclusive property of the Institution, unless the publi- 
cation thereof by the, Institution is delayed beyond the 
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commeDcement of the Session immediately following 
that during which it is read; in which case the copy- 
right shall revert to the author of the Paper. The 
Council shall have power, however, to make any arrange- 
ment they think proper with an author on first accept- 
ing his paper. 

80. The printed Transactions of each Session of the Members, Sec , to 
Institution shall be distributed gratuitously as soon as ^®«*^® copies^of 
ready to those who shall have been Members, Associates, authors 12 copies 
Graduates, or Honorary Members of the Institution ^ ^^ papers, 
during such Session, and they shall be sold to the public 

at such prices as the Council shall fix. Authors of 
papers shall be entitled to twelve separate copies of 
their papers as printed in the Transactions. 

Section VII.— ELECTION OF NEW MEMBERS 
AND OFFICE-BEARERS. 

81. Every Candidate for admission as a Member, Candidates how 
Associate, or Graduate of the Institution shall sign an wcommendedand 
application for admission, and obtain the recommenda- 
tion of at least three Members ; such application and 
recommendation being according to a prescribed form 

contained in the Council Minutes. If the Council 
approve of the application and recommendation, the 
name of the Candidate shall be inserted in the. notice 
calling the first ensuing Ordinary Meeting of the Institu- 
tion ; and the Candidate shall be balloted for at that 
Meeting, and shall be admitted if three-fifths of the 
votes are favourable. 

32. The granting of Honorary Membership to any Honorary Mem- 
person shall be proposed by the Council, and notice bers, how elected, 
thereof shall be given by the Secretary at an Ordinary 

Meeting of the Institution. The person shall be 
2n 
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balloted for at the following Ordinary Meeting of the 
Institation, and shall be admitted if four-fifths of the 
votes are favourable, 
Membera <fco. ^^* ^®^ Members, Associates, Graduates, and Hon- 

formally ad- orary Members shall be formally admitted by the Presi- 
dent at the first Meeting at which they are present after 
being elected, when they shall sign their names in the 
Roll-Book of the Institution, and receive a copy of the 
Regulations. 
Rejected candi- 34. If any person proposed for admission into the 
dates not to be Institution is rejected on being balloted for, no notice 
tea— wish of Hon. shall be taken of the proposal in the minutes of the 
obtSned before General Meetings ; and it shall be ascertained from any 
being balloted for. person proposed to be made an Honorary Member, 
before he is balloted for, whether he will accept the 
honour, no notice being taken of the proposal in the 
minutes unless he is elected. No candidate for admis- 
sion shall be balloted for a second time within twelve 
months. 
Office-bearerstobe 35. The Office-bearers required in order to supply 
elected by ballot, vacancies (except the Secretary) shall be severally elected 
by ballot at an Annual General Meeting, such Meeting 
being the last Ordinary Meeting held in each month of 
April. 
Term of office. 36. The Members of Council shall each hold his 

office for not more than two years ; and every retiring 
Office-bearer shall be ineligible to the office from which 
he retires until after being a year out of it ; excepting 
the Treasurer, who may be re-elected any number of 
times without interval. 
Order in ^hich 37. Of the three Vice-Presidents, two shall retire 

Presidents and ^he year the President continues in office, but only one 
Vice-Presidente ,"' ,-^., . ,,, i 

shall retire. the year the President retires ; and of the ten Coun- 

cillors, five shall retire each year, the other five retaim'ng 
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office without re-election. The retiring Members shall 
be those who have been longest in the offices ; or, in 
case of one or more having to be selected from two or 
more who are equal in this respect, then the selection 
shall fall on the one or more having the fewest votes 
when originally elected. 

38. A vacancy occurring during ajiy Session, in con- 
sequence of the resignation or death of any Office- 
bearer, shall be filled up by the Council, until the next 
Annual General Meeting for electing Office-bearers. 



VaeanoieB oconr- 
ring dnrixig the 
Session to be 
filled up by the 
CoancU. 



Section YIIL— CONTRIBUTIONS OF MEMBERS 
TO THE INSTITUTION. 

39. The Subscriptions noted in the following Table Amiual Sabsorip- 
shall be payable on election and at the first Meeting of ^^^ payable, 
each Session, by every Member, Associate, and Graduate 
respectively : — 





Member. 

£ i, 
2 10 

2 

1 10 
1 10 


AuociAte. 


Graduate 


If Elected in October or November, 
If Elected in December or January, 
If Elected daring the remainder of 

til A RAflRinn 


£ 8. 
2 

1 10 

1 6 
1 


£ 8. 

1 
15 

10 
15 


And every October thereafter, 



40. Honorary Members shall pay no contributions. 

41. No Member nor Associate whose contribution is 
in arrear shall be entitled to vote, 

42. Any Member, Associate, or Graduate, whose 
contribution is more than one year in arrear, may be 
removed by a vote at a Meeting of the Institution. 

43. Any Member, Associate, or Graduate retiring 



Members, &e., not 
entitled to vote if 
in arrear. 

Members, &c.y in 
arrear may be re- 
moved by vote of 
the Jnstitatiou. 
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from the Institution shall continue to be liable for annual 
contributions until he shall have given formal notice of 
his retirement to the Secretary at or before the first 
Meeting of a Session. 

Section IX.— REGULATIONS AND BY-LAWS. 

Alterations on Rt- ^^' -^^J proposition for adding to or altering the 
gulations. Regulations may be laid before the Council, who may 

bring it before the Institution if they think, fit, being 
bound to do so should it be accompanied by a requisi- 
tion from any five Members of the Institution. 
Alterations on Re- ^^' ^^ alteration of, or addition to, the Regulations 
gulations to be ghall be made except at a Special General Meeting of 

made at Special 

General Meet- the Institution, called for the purpose by the Council, 

"*^"' by a circular, giving at least four days' notice, and 

detailing the alteration or addition proposed to be 

made. 

Notice of motions ^^' Motions not relating to the Regulations may be 

must be given. j^^^q ^t any Meeting of the Institution, but not without 

notice of each such motion having been either inserted 

in the notice calling the Meeting, or given in writing 

and read at the Meeting next preceding. 

By-Laws— power ^7. The Council shall have power to make or alter 

of Council to By-Laws and minor ordinances, in accordance with the 
make or alter. 

spirit, intention, and meaning of the Regulations of the 

Institution, whenever it shall, in their opinion, appear to 

be necessary for the good order and government of the 

Institution. 

Section X.— MEDALS. 

48. The Council shall have power to offer annually 
a Medal for the best paper on any subject not com- 
prehended by the Marine and Railway Engineering 
Medals, such additional Medal to be called the Institu- 
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tiou Medal, and to be paid for out of the funds of the 
Institution until a special fund be obtained. 

49. The Medals shall be given annually, if the Council When Medals are 
be of opuiion that papers of sufficient merit have been ** given, 
read in the respective departments ; but if it shall be 

the opinion of the Council that a paper of such merit 
has not been read in any department during any Session, 
the Council shall submit the question to the decision of 
the Institution; and in the event of the Institution 
confirming the opinion of the Council, the Medal shall 
not be given in that department; and the interest arising 
from that particular Medal Fund shall be added to the 
principal. * 

Section XL— MANAGEMENT OF .THE 
LIBRARY. 

50. The Council at their first Meeting each Session Appointment of 
shall appoint three of their number to form a Library ]^^"^^^ Commit- 
Committee, one of the three to be Librarian and Con- 
vener of the Committee. 

51. The Library Committee, subject to the sanction Powers of Library 
of the Council, shall expend in Books and Library ^^^^ ^^' 
expenses the sums placed at their disposal, make By- 
Laws for the management of the Library, and appoint 

Assistants. 

62. The Library Committee shall report periodically LibraryCommittee 
to the Council, detailing the state of the Library ^ci^yt^**'*^^""" 
affairs. 

53. The Library Committee shall take charge of I>atie8 of Library 

" *^ Committee, and 

all the Books, Papers, Drawings, Models, and Sped- Annual Report, 
mens of Materials belonging to the Institution; and 
they shall annually make an examination of the pro- 
perty under their charge, and report to the Council at 
the Meeting next preceding the day of the Annual 
General Meeting, 
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LIBRARY BT-LAWS AS TO USE OP BOOKS. 

Sahctidmbd by thb CocrrciL, Sin Dbcbkbbb, 1862^ axd ambkoio, 
12th jAimABT, 1864. 

When Library is 1. Except whea closed by special order of the 
o open. Council, the Library shall be open for consulting, 

borrowing, and returning books, every lawful day 
except Saturday, from 10 a.m. until 4 p.m., and from 
6 P.M. until 8 P.M. ; and on Saturdays from 10 a.m. 
until 2 p.m. 
Who may borrow 2. Books shall not be lent* to any persons except 
Members, Associates, or Graduates of the Institution ; 
but a person entitled to borrow books may send a 
messenger with a signed order. 
Books for consul- 3. The books marked with an asterisk in the Cata- 
a ion on j, logue shall be kept for consultation in the Library only, 

and shall not be lent. 
Register of books 4. The Librarian, or Assistant Librarian, shall keep 
lent to be kept. ^ register, in which he shall enter the titles of the book 
or books lent, the date of lending, the name of the 
borrower, and the date of the return of the book or 
books to the Library. 
Borrower to sign 5. The borrower of the book or books, or, in his 
for books. absence, the bearer of his order, shall sign his initials 

to the entry of such borrowing in the Librarian's 
Register. 
Librarian to certi- ^' The Librarian or Assistant Librarian shall sign 
fy return of books, j^jg j^j^^^ig ^^ ^^id date of the return of the book or 

books. 
Books damaged to 7. Should books be returned in a damaged condition, 
be^entered^n Re- ^jj^ Librarian or Assistant Librarian shaU immediately 
tion to Library make an entry of the fact in the Register, and report 
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the same to the Library Committee without delay; and Committee, and 

he shall give notice in writmg of such entry, and report rower. 

to the person from whom he last received the book, 

within three clear days of the receipt of the book, 

exclusive of the day of receiving the book, and the day 

of giving such notice, 

8. No person shall be entitled to borrow, or have Number of books 
in his possession at one time, more than two complete bom)we™at one 
works belonging to the Library, or two volumes of any ^i™e. 
periodical. 

9. No borrower shall retain a book longer than li™^ books may 
thirteen clear days, exclusive of the days of borrowing Fines, &c. ~~ 
and returning, under a penalty of twopence per volume 

for each day in excess; and written notice shall be sent 
to the borrower one day after the time has expired; 
but neither the sending nor the omission to send such 
notice shall relieve the borrower from the obligation to 
pay the fine and return the book. In no case shall any 
book be kept longer than twenty clear days. 

10. In the event of two or more persons applying for ^^^ ^ he drawn 

when two may 

the same book at the same tune, the applicants shall applyfor the same 
draw lots for priority. ^ ' 

11. The foregoing rules may be amended at anytime Redes may be al- 
by authority of the Counca. o/ ConncU^^^^ 
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